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GENERAL INTHOnUCTTON TO THE SERIES. 


DiMtiNC. the pnsi fVw voois 1h< cimIi'/iiI woild h.is lic^iin to rcali/e the 
acciniii^ to stTiiilifK* itsi;Li(‘li. with tlio r« suit that an (‘ver- 
amoimt of tinu* and thoiinlit is Ixin^ dc\ol<d to various 
hranelies of scK iic(v • 

Xo study ha'' pio^'usscd mon r.ijudK than elnniistry. This 
science mav be di\ idi d loiiglilv nil<» st \ i ral blanches : nanu ly. Oi^anic, 
Physical, tnoriranic iind An,d\h(*.d (’lu iiiisin . It is impossible to 
write any smj'le (e\l-book \Nhicli shall contain within its two covers a 
thorough titaliiKiil of any one of these bra n chi s, owing to the vast 
anioiint of infornialion that has been accninnlali d. The ni'ifl is ralhci 
for a senes of text-books dealing inori' oi K ss coniprehensi\ ( ly with 
each blanch of cluniislrv. This has aloady lum attempted by 
enterprising hiins, so far as ph\sical and aiiahtic.il rlnmislry are 
conci'i’iied ; and tin pri'si nt sein^ is ihsigind to me< t tin needs of 
inorganic cliennsis. Om gnat aehaiitage of this pioeuluK lies in 
the fact tliat onr knowh dm of tin dill' uni s( cl ions of science doi s not 
progi'i'ss at the same' rat- ('onseejtu iiIIn . as soon as an) paiticiilar 
part adyanccs out of inopoilion to ulh'is, the \olume dealing w^ilh 
tliat section may be <‘asil\ n \is<d or n wiilten as occasion rc(|iiin‘s. 

Some metliod of classilVing the ehiiKiils for treatment in tins way 
is clearly essential, and we liave* adopt' el the Pe-nodic ('lassifieation 
with slight alleratienis, de\eiliilg a wliole \olimu lei the' consideration 
of the clennents in e'ach verlie'al ceilnmn, as will he- e\iele nt from a glance 
at the scliemc in the Freinlispie ce*. 

In the* lirsl volume*, m aelelilioii to a <lelaile*(l ae*eouiit eif the* (*lcmcnts 
of (iroup b. the geiu’ial jiimeiples of Iiieirganie (’hemisirv aie dise'iisseel. 
Partu'ulai pam'> h.e\e' he*eii l.iken m the* sele*e*liein of material lor tins 
wrmne*, aiiel an alleiiipl In'. Ix-en maele* lei jirescnt to the* reaile*r a 
cl<*ar a(*e*oimt of the* piineiphs upein whie*li our knowleelge eil ineidern 
Ineiiganie* (iie’inistiN is hasi'd 

* ;t{ ihe* outset it mav he well lei e*\plam that it w^is not mte'neled 

to wu’ite a e*omple*te te*\l-li(ieik of Physical Chemistry. Numerous 
cxccll(*nt weirks ha\ e- alreaih lieeti (levelled to this subject, and a 
veilumc on such lme*s woiilel scare*(*ly seiwc as a suitable introduction 
to tins series. WliiKt Ph\sie*al Chemistry deals with the general 
principles applicel tei all brane'hcs eif tlu*eiri*tical chemistry, our aim 
Inis been lei em])hasr/,e‘ their apphe-atiou tei Ineirgamc ('hemistry, with 
which branch of the* suhje<*l this se*nes eif lcxt-hoe)ks is exclusively 
. e*one*e*riU‘d. Tei tins eiiel jiraeticalh' all yic illuslralions to the laws 
niiel jirnie’iplcs elise*nssce] in \ eiluine* I. di*al with iiiorganfc snbst.ngiccs. 

Again, there are many siil)jce*ts, such as the* methods employed m 
the accurate dctcrminati(*)ii of atomic weights, which arc not gcucrally 
regarded rfis forming part of Physical Chemistry. Yet these are sub- 
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jects of supreme importance to the student of Inorganic Chemistry 
and are accordingly included in the Introduction. 

Hydrogen and the ammonium salts are dealt with in Volume- II., 
along with the Elements of (iroiip I. The position of the rare earth 
metals in the Periodic Classilieation has for many years been a s^ource 
of dilliculty. They have all been included in Volume I\'., along with 
the Elements of Group III., as this was found to be the most suitable 
place for tlieni. 

Many alloys and eom])ounds have an equal claim to be considered 
in two or more volunns of this series, but this would (‘iitail unnecessary 
duplication. For examph*, alloys of copper and tin might be dealt 
with in Volumes Jf. and V. respectively. Similarly, certain double 
salts - such, for exanqile, as ferrous ammonium sulphate — might very 
logically be included in Volume II. under ammonium, and in Volume IX. 
under iron. As a general rule tins ditlieulty has been overcome by 
treating complex sulislanees, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys of cojiper 
and tin are detaded m Volume V. along with tin, since copjier occurs 
earlier, namely, in \’o1uiik“ II. Similarly, ferrous ammonium sulpludc 
is discussed in Volume IX. under iron, and not under ammonium in 
Volume II. The ferrocyamdes an* likewise dealt with in Volume IX. 

But even w'lth this arrangement it has not always been found easy 
to ado})t a jierfeetlv logical line of treatment. For ('xample, in the 
chromates and permanganates the chromium and manganese function 
as part of the acid radicals and are analogous to sulphur and chlorine 
in sulphates and perchlorates ; so that they should be treated in the 
volume dealing with the metal acting as base, namely, in the case of 
potassium permanganate, under potassium in Volume II. But the 
alkali permanganates possess such dose analogies with one another 
that separate treatment of these salts hardly seems desirable. They 
are therefore considered in Volume VIII. 

Numerous other little iiTcgularitics of a like nature occur, but it is 
hoped that, by means of carefully compiled indexes and frequent cross- 
referencing in tlie texts of the separate volumes, the student will 
experience no difTieulty in finding the information he requires. 

Particular cari' has been taken with the sections dealing with the 
atomic weights of the elements in question, 'fhe ligures gn en are not 
necessarily those to be found in the original memoirs, but have been 
recalculated, cxc(‘pt where otherwise stated, using the following 
fundamental values : , . 


Hydrogen = I 00762. 
Sodium = 22 0!M?. 

Potassium — .*30' 100. 

Silver = 107-880. 

Carbon = 12 00:3. 

Nitrogen -- 14 008. 


Oxygen = 16-000. 
Sulphur = 32 065. 
Fliioime = 19 015. 
Chloiine = 85- 4, 57, 
Bromine = 79-916. 
Iodine = 126 920. 


By adopting this method it is easy to compare directly the results of 
earlier investigators with those of more recent date, and moreover it* 
rendefs the data for the different elements strictly comparable through- 
out the whole series. 

Obr aim has not been to make the volumes absolutely exhaustive, 
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as this would render them unnecessarily bulky and (‘\])ensive ; rather 
has it been to contribute concise and suggestive accounts of the various 
topics, and to append numerous references to tlic Icailing works and 
mcinoiVs dealing with the same. Every effort has been maiie to render 
these veferenei's aeeuiati' and leliable, and it is hojied tliat tiiey will 
ju’ovc a.usefnl featiiri' of the series. The more important abl>ri'\ i.ilions, 
wliieh are substantially the same as those adopted by the t'heinieal 
Society, are detailed in the subjoined lists, pp. \v iivii. 

The addition of the Tahh' of of Issue of Journals (pp. xi.wwvi) 

will, it is hoped, enhance the value of this senes. It is heliexed that 
the list IS perfectly correct, as all the liguies have been eheekc'd itgainst 
the volumes on tlu' shelves of tlu' library of tin* Chemieal Soeietv by 
Mr. F. W. ('lifford and his staff. To these gentlemen, the Isditor and 
the Author di'sire to express their dei'p indebtedness. 

In order that the series shall attain the maximum iitihtv, it is 
necessary to arrange for a eerlam amount of imifoimitv lliioiighout, 
and this involves tlie siipjiressiou of the personahtv of th(' indiMdual 
author to a corresponding extent for the sake of the eonimon wellarc. 
It is at once mv dnlv and my pleasiiM* to express mv sincere ajipre- 
eiation of the kind and readv manner iri which tlu' authors have ae- 
eommodated themsel\(‘s to this task, which, without their hearty 
eo-operation. could never haw been siieecssful. Finally, 1 wish to 
acknowledge the unfailing courtesy of the publishers, Messis. I’harles 
Grillin and (’o., who ha\e done everything m their power to reiidi-r the 
work straightforward and easy. 

J. NEWTON FRIEND. 


March 1925. 




pji i<: V A (.' n. 


Till-: ( Icincnls (IcsciilK’d iii Ihis \<»IuhH“ (‘Ijmim Hip mlcirsL ol llu‘ ipadcT 
J'or very varied ri'asons In llu' (iisl plaee lluy include one metal, 
iiiereun, which excited the woiuler and einiosiiv of lli(‘ aiieienls, ami 
aiiothia’, radium, which has cijuallx (xciled llu* wonder and curiosily 
of the moderns. A ^roup of historical iniciesi is lonm'd liy ma^iiesimn, 
i-alcium, strontium, and barium, upon the oxides ol winch, rather 
inori' than a ciuluiv aj^o, I)a\\ was able to show' the (h'composmi’ 
action of till' elcctnc curienl Hcr\ Ilium is lamous liistoric.illx I'oi the 
lony' coiitioversN as to its posit iiai m the Periodic Tabli. Znit' lias 
been known smci' \erv I'arly times, ehicllv thion^h its association 
with coppor to lorm brass, but also as sulphate, the ‘'white viliiol'’ 
of the alchemists, t'adimuin, althouj^h similar to ziiie in manv ol its 
jiropi'i'tK'S, has only bi'cn ieco}»nis('d since the Ixumnin*^ of the l.ist 
ccntiirx . 

Part 1 of Volume HI is dexoted to the study of the lour alkahiu* 
earths alone. As icj>ards chemical propiTties, they form a verx closely 
related scries of elements, so clo.scly related, iruhed, that the projiertics 
of one clemi nt ininht often lu* calculati'd with a 1‘air dctjici of ixaetiindc 
from a considciation of tlii' ]nopertics of tin otheis. 

In |)li>sical properties, on tin* other hand, one elemi'nt. radium, 
stands out as the' jiossessor ol extraordmaix eharaeteiisties ol' xvliieh 
there is no mdieation in any of the other thrive. The reeoi»nition ol the 
emission, from radium and similar bodies, of a I'ont muons supply of 
energy, of which tlu* outw'ard xisibli manifestalion is tin* iunimeseimee 
displayed by both the element and its salts, if present in sullieient 
coiieentration, aeeoinpamed bx a ehanoe whieli must be classed as a 
true ti’sjnstormation of an element, has rex olnl ionised inodrrn views 
on the structure of matti'r dining the last ijnarter of a century. 
Ineideji tally the elect roseope has been indiealed to the analyst as a 
more sensitive instrument than has hitiurto been known, for the detec- 
tion of certain substances. It is mtiiestiiif^ to relleel that thi' element 
xvhieh has exercised so »ieat an inihienee on modern thou»ht, althon^di 
widely distributed over the earth’s surface, reaches a eoneentration of 
not nuieli more than 2X10“'' p(*r cent, in it« richest minerals, whilst 
its average eoneentration in all rocks is of the order of 10“'” per cent. 

The general arrangement in the chapters on ealeium, strontium, 
and barium is that followed for most of the elements throughout, the 
Series. Slight alterations may oeea.sionally haxe been made to suit 
special cireumstanees, for (‘xample, ealeium alummates, instead of folloxv- 
ing *thc borates, are placed immediately after the silicates, on aeeoi*nt 
of the association of the Ixvo in tlie production of cement. 1’he alkaline 
earths, especially ealeium, take part in a mmiber of teehnieal process(*s. 
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Space does not allow of a detailed account of these, nor would such 
on account accord with the general purpose of the Series, but summaries 
are given which, it is Jioped, will be helpful towards the understanding of 
the general principles involved, \vhilst the numerous references* accom- 
panying them will enable readers requiring further details to obtain 
them. It is impossible to give a satisfactory account of radium apart 
from its radK)acti\ e parents or derivatives. A little overlapping with 
one or two of the oflier volumes is therefore, on that account, unavoid- 
able. Further, the- eha})ter on radium, since the physical rather than 
the chemical projiertics of tlu* element have been the iavouritc object 
of study, must nceessanl\ disjilay f('a1ur(‘S not common to the other 
chapters. 

Kverv effort lias been made to render the references as complete 
and aeenratc as possible. Aloime weights have been recalculated from 
the original exjienrnenlal data on the basis employed llirougbout the 
Series and indicated in llie (ieneial I’lefaee. 

The Anlhor offers her sineeie lhanks to the (Jeneral Fiditor, Dr. J. 
Newton Fiiend, who has n'ad the \\hol(‘ of tin* manuserqit and proof, 
for tlie eonrteons interest he has lakcn m the progress of tlu' work, and 
for the lielpi'ul counse l he has always been willing to ])laee at Iku’ disposal. 
She IS also indebted to her husband, Mr A. II. Burr, for mneh \ahiable 
assistance m prool'-eorreeting and indexing. 

MAY SYBIl. BUKR {ne'e Usiik). 

The Univeusity, Leeds. 

March 1‘JU.l. 
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('OHIUCKNDA. 

On p. G, lino B of first table jituI Ihk' 2 of seeoiul table. Atonne Weipht 
of Caleiuin should be 10 07 and not 10 00 

Lhk'S 1- to 7 OH p. 10 sliould H'ad as follows 

“The Iiilenialional ('oininission on Alomie Weights loi 1012, 
however, ado|)t(‘d I he value 

Ca 40 07 

wliieh IS still riTained (11)25) '* 
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rnoy may, on rnar accmint, nr rxprrrpn to niTrer-' 
to bonie extent from bervllmni and magnesium, 
whieli belong to the two short })eriods. The 
elements of the first short period espeeially tend, 
in general, to stand out from the group to which 
they belong, for example, lithium from the rest of 
the alkalies and fluorine from the other halogens ; 
therefore, as is to be expected, beryllium also is 
somewhat individualistic m properties. 

1 ^, In Group I. the members of the short periods,* 

ithium find sodium, are closely related in properties to the A sub- 

^ Up, potassium, rubidium, and caesium, but*in passing to Group VII. . 
y resemble more and more the B subgroups, fluorine and chlorfee, 
example, ranking as halogens. Beryllium and magnesium, therefore, 
j^hnb.tr be "^definitely regarded as belonging exclusively either to Che 
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alkaline earth group or to the little subgroup, composed of the three 
remaining metals of (iron]) II.. zinc, caclmium, and inercury. They 
have, lioucA'er, relationships wifJi both groups. 

Leaving out of account Iktx limm anrl magnesium, it is possible to 
make a much closer comparison bctuccn (iroiijis I. and II. than between 
II. and JJI. 'riu' members of the A subnrou]) of Grouj) I., cpnsisting 
of the alhahes, ch'mcnfs closi'lv rexsembimg each other hut becoming 
more ( l('ctro])ositi\V wilh mcrcasinn atomic weight, cxhdiit certain 
features nolaliK tlu' readiness with wliicli they combine with oxygen 
and other (‘lecironegative (‘lements. and the basic properties of their 
oxides winch are rcjirodiieed to a greater or less extent in the alkaline 
earths, the A subdivision of Groii]) 11. The latter also become increas- 
ingly electropositive willi iis(“ m atomic weight. 

A furtlicr comiiarison mav l)(‘ drawn between the two It subgroups, 
co]i])er. siImt, and gold on the one hand, and zinc, cadmium, and 
mereurv on the other, lloth are mueh less electropositixe than the 
A grou])s, ih(' eoiiiier being more negatne than the zme groii]), and m 
both eases the elements become more (‘l(‘etronegati\<‘ willi inereasi' ol 
atomic weight. In both also, insoluble oxides without alkaliiu' pro- 
perties are formed In both A groipis the sulphides ari' h\dro]\sed l)\ 
water and in llu' 11 groujis tliev are unalTeeted. 'I'lie relalioiishi]) 
betwi'cn /me and cadmium is mueh closer than between eailnmim and 
mercury, and this is paralleled b\ llu* wax m which gold slands apart 
from copper and silxi'r. Owing to lh(‘ piesenee of the rare I'ailhs m 
the third long period, there is a mueh greaU'r diffeienee between llie 
atomic numbers ol the second and third members of the eoppiu’ and 
zinc groups lhan betw<‘en the lust and second, \n eipiallx large 
differenet' betwei n the aloiuie numbers ol baiium and radium does not. 
lioxvexer. a])i)ear to rtsnlt in so markeil a contrast m pro])erties It is 
true that only a lew compounds ol radium hax'e been obtaiiu'd. but this 
does not neei ssanlx mean lliat others eannot be prejiari'd, and, m so 
far as the chemical pioperlies of the metal ami its compounds liaxa* 
bc(‘ii examined, it is plamix exideiil that there is a great similarity 
bctxxeeii radium and barium 

With regard to the relations of berx Ilium and magnesium with the 
neighbouring groups, it might be pointed out that bervllium, as its 
historx shows, closely resimibles aluminium in certain respects, notably 
m thi' solnbilitx of the metal m caustic alkalies forming berx Hates, as 
aluminium forms aluminates. Jalhium and magnesium, which stand 
in analogously related jiositions in the Periodic Table, also shoxv a certain 
similaritx in their properties, for instance, m the insolubility of the 
carbon ales. 

Tlie inter-relations of the elements of (iroiip II. may now be coii- 
sidered more ])artieularlv. As alreailx indicated, berx Ilium and 
magnesium, In their behbxaour. loriii something of a coiiiieeting link 
betxyeen the ealeium and the zme group. On tlie whole, nuigiiesium 
bears a closer relationshi]) to the alkaline earths and bervllium ^o the 
zinc grouj), for beryllium is less basic than magnesium. In fact, 
magnesium, at one time, ranked as an alkaline earth, on the basis of the 
properties of its oxide and carbonate, 

^Thc natural valency of this groiij) is txvo, but mercury is marked as 
something of an outcast by the existence of two well-defined series of 
salts. In addition to the mercuric salts formed from the bivalent 
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mercury atom, there are tJie mercurous salts iormed apparently Irom a 
polymerised bix ah^nt mereury moleeule, It is, of course, tJie ease 

that there are indications amoii^ some of tlie otiier metals of the exist- 
ence of compounds similar to the mereurous salts, for rxiiinple, 
CaCl on Ca^Clo, CaF or CaoK. so on, hut these me. m general, 
unstable, and occur only anion^,* the halides and ovules. In addition, 
except in a xc'rv leu instances, the exahmee l‘or ila'ir format u)n is luit 
iimmjieachable. • 

All the iiK'lals an' more or less xxhite All i‘\eej)t nu'nur^ are 
attacked by xxater under suilabic condilions, but the alkaline garths 
much more readily th:ui the others. All form refractory ovules xvluch 
arc xu'ry stable, witli the e.vceptiou ol the ovuh's of nu'reurx. xxhieh 
readily flcconpiosc to form the metal ulu'ii luaded The eadmumi and 
nuTcury o.xuies are coloured but llu' rest are xxhit<‘. /.me ovule bein;^ 
yellow xvhen hot. All shoxx a ti'udeuex to p(‘rovule formation 

Tlie soluble salts of all readilx form double salts xxith one another 
and xvilh salts ol'the alkali nudals . lhe\ also unite directly xvilli x'arvm^f 
numbers of moleeules ol ammonia (ormmu ammomates, xvhieli mi^dit 
be compared xxilli the hydrates of th<‘ salts /me and tlie alkalini' ('artli 
metals also combine dneetly xxith ammonia, but tliesi' com|)ounds an* 
not to he classed xxith ammonium .ini.di'ani Vmides of the general 
formula M(XII^), are knoxxn m tlu* c.isi ol e.deiuiu, strontium, barium, 
/.me, and cadmium 

lleryllium. /.me, cadmium, and luereuix liaxe .i iiie.it tt'iulenev to 
form basic salts, a ])ro|)erly shared to .1 c('itam evteiit by ma^iiesinin 
Hydrides of luaiiiiesiuiii and the alk.dine e.irths eveept radium, art' 
knoxxn, but nol of /me, eadmium, and iiiereuiy, xxhilsl the eviste lee of a 
ber\ Ilium hxdnde is doubtful 'I’liere .iie also carbides ol berx Ilium, , 
iiia^Miesiuiii. and the alkaline earths, a^ain eveludinjf radium 

The t(‘iidency ol ix rx Ilium oxuh'to shoxx a<'id propeitu's is sec'ii a|iam 
111 a lesser deerree m the ovules ol /me and e.idimum 

Some of the solubility relationships are interestmii 'I’Ik' lliiorules 
of majriiesiuni and the alkaline earths are insoluble, the olliirs are 
soluble, with the e.vceptiou of the niereiirx lliiorules, xxhicli aii' yery 
readily hxdrolysed Similar considerations apply to the sulphates, 
except that majincsiuin sul|)hate is solulile Tlie soluble sul])liales are 
hydrated, and some of them shoxv isonioiphism, as also do the double 
sulphates foriiu'd Ironi them 

The carbonate', ol the alkaline eaillis and majiiiesium are xvell- 
delined stable compounds, bul it is dillieult or mijiossibic to obtain the 
carbonates of the other metals free Irom basic earlioiuite. 

Zinc .sulphide is soluble m acid, eadmium sulphide m eoneent rated 
but not in dilute acid, and mercury sulphide is insoluble m both. All 
the otlicr sul])hules arc deconijmscd by xxater. 

Nitrides of all the elements of the iiroup*aie knoxxn, those of the 
alkaline earths, beryllium, mafrnesium, ami, to a small extent, /inc, 
being .formed by direct combination with introgi'ii. (’ah'ium and 
strontium are tarnished by nitrogen at ordinary teniju ratines. 

Other comjiounds might be eoiisulered in the same way, but the 
above should be sullieicnt to indicate the ifhitionslups betxveen the 
different members of the group. • 

A few of the physical eoiistaiits are compared in the following 
Uble:-^‘ 
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Ra 
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20 
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(OMPAHATIVE STUDY OF THE ALKALINE EAHTD 
METALS. 

'I'lu' int(T-rc‘lji1i()ns of tlio four alkalino earth metals, caleuim, 
strontium, barium, and radium, may now be considered in somewhat 
jfreater detail. In ^rtMieral, leaving out of aeeoiint tlie radioactive ])ro- 
perties of radium, variations in the ehemieal and physical properties 
of these elements, or of their eom])ounds, follow the sanu* order as the 
atomic wei^dits. It must, however, lie remembered that, owin|r to the 
extreme rarity oi' the (‘lenient, >ery few of the salts of radium ha\T been 
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Stiontiuni 
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Hadiuin 
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87-()H 
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Density of 
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203 

3-78 


metal. 
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0-07 1-2 
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of metal. 





Stability of 
hypoehlor- 
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Isolated in 
erystallme 
form. 
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mixed with 
a large pro- 
portion of 
ehlorideand 
chlorate. 

\'ery 

unstable. 


Sublimation 
, tempera- 
ture of bro- 
mides, C. 

720 

• 

770 

820 

Less* volatile 
than barium 
bromide 

Colour of 
carbide 
crystals. 

Colourless. ' 

Brown -red. 

Black. 

’• - 

Density of 
- carbide. 

2-22 
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319 

3*75 

■ **: Yd 

Density of 
nitrate. 

2-24-2'50 

2-98 

3-22 1 
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carefully exaSnined, hor l^s there been much opportunity for the stuily 
of the metal itself. There is, nevertheless, every reason to suj)posc that, 
chemically, radium closely resembles barium. It has been observed, 
for example, that, when preeipitated mii'roehenueally, a number of its 
salts appear to be isomorphous with the eorrespondinj^ bannm salts. 

The four metals are all sihcrv white and fairly sol't. At ordinary 
temjieratiires they readily react with various ^jases, such as oxygen, 
nitrogen, and the halogens, and also with acids andValer, the eheinieal 
reactivity increasing with the alomie weight. Thev are, Iherefore, all 
diflieiilt to prepaid’ in Hie ])nre state ; ealiauin, being the leasl electro- 
positive, is obtained tlie most easilv. 

The heats of formation of the halides nna-ease fioin ealeium to 
barium, except m tlie ease of the Ihiorides. where the reverse iiile liolds, 
as it also does for the oxuU's. The heats of foiniation of tlu' jieroxides 
from the ordinary oxides, on the other hand, become greater with 
increasing atomic weight, with the result that barium jieroxidi' is more 
easily jirepaied than the peroxides of either strontium or ealeium. The 



( alciiiin 

Stmutnim 

B.uiiiin 

Oadiiiin. 

Heat of formation of llnoride, 

•2;h) 18 

287 02 

22(5 (58 
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Cal. 





Heat of formation of chloride. 

l!tO 1 i. 
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Cal. 





Heat of formation of bromide, 

1 (1!) 2 

1 1 7 () ,> 

170-82 

(180) 

C'al. 

Heat of formation of iodide. 
Cal. 

1 H 

i 1 t-7 .5 

1 

1 to 0 

(1.51 G) 

Heal of formation of oxide. 
Cal. 

1.52 

j 1 to 

1 

1 2,5 0 


Heat of formation ol peroxah' 
from oxide and oxygi'ii, Cal 

rr Kl 

1 10 87.) 

12-1 



heat of hydration of the oxide to the hydroxide mert'ases from ealeium 
to barium, and eorresiionding with this, the dissociation temperatures 
rise in tluv same order. I'lie tiydroxides become more soluble as the 


! ( 'ah linn 

• 1 

Stiontnirii 

Haiiuni 

Kadiijin. 

Heat of hydration of oxide, | 1.5-8.S 

10-1.I- 

2t-21. 


Cal. 

• 



Dissociation temperature of 5I'7 

778 

008 


hydroxide, C. i 




(.Solubility of hydroxide, 1 0-0 

0-188 

0-47 


gram-equivalents per litre, j 





numbers m brackets have not been Heteimmed experimental^ , but weie jire- 
ItBted-'by do Foixir'and fiom a eoiiHuleiatioii of tlie Keiioial relationhlnph between inombors 
alkaline earth ^loup, Ann. ('him. Phy» , IttU, [M], 24 , 250, L'ompl rand, 19].l, 
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atomic wcj^rht mcreasos, and there is also a change in alkalinity in the 
same direction. All tliree form telroxides of the general formula 
MOg.Oo, probably eomparal)le with the polysulphides. 

The lu'ats of solution of the chlorides, bromides, and iodides all 
d(‘erease witli inen-asiiig aloniu* weight of the elenienl, and at the same 
tune the salts beeonu' h'ss delKjuesecnt. In each ease the deli/]ueseenee 
iiiereases from the elilonde to the iodide, barium chloride being })raeti- 
eally non-deli(]U(“S(a ni . The hexaludrates of ealeiiun and strontium 
chlorides ai’(' isomoipbous, Imt tlu* existence of a hexalivdrale of barium 
chlondc is \ erv (loiil)t fill. The ehloi ides, bromides, and iodides resemble 
each other in the K'admess with which they form double salts, as wi ll as 
addition compounds, with ammonia and substituted ammonias. 




Calcmm 

^ Siioiiliuni { 

Rami in 

1 Riulnim 

Heat of 
(al. 

solution of elilonde, 

17 IH 

IM 1 

1 02 

: (0) 

Heat o( 
C’al. 

solution of bromide. 

in .■)! 

. I(> 1 

I. 08 

i (‘^) 

Heal of 
(al. 

solution ol iodide. 

•28 12 

•20-5 

10 :i 

1 (d 1) 


'rii(‘ (luoiides. III eoiitiast to the other halides, are not vim’v soluble, 
the solubilits using from ealemm to barium The solubility of the 
sul}>}iates runs m the opposite direction. The solubility ol railuim 
sulpliati' lias also lieen examined, and tlie sail evidently falls into line with 
the other sulphates, sm<*(‘ it is an extraordinanlv msolnbU' compound. 





I'ali'iuui 

M miitium 

lUmim 

Riuliiiin 

Tciipiciature. 



18 

IS . 

18 

2.) 

Solubility of 
(■(juivah’iits 

Iluoridc, 
per hire. 

milli- 

0 H? 

1 8(1 I 

18 8 

j () 000]3 

. 

Solulnlity of 
ccpiivalcnts 

suljihatc, 
])cr litre 

milli- 

' 20 .5 

' 1-215 : 

1 i 

0 0100 


The heat.s of formation of the liydrides, following the oriler of stability, 
diminish from ealemm to l>ariimi> whilst the heats ol tormation of the 
nitrides jirobably beeome^greater. The hcxammomum compounds of the 
metals, or the hexanimoniates, show a slight decrease of the heat of 
formation in the direction of increasing atomic weight. The stability of . 
the carbonates follows the same order as the stability ot the hydroxides, 
since it is extremely hard to drive off the carbon dioxide from barium 
carbonate. 

The volatile salts of the alkalim^ earths all colour the Hunsen flame, 
a*red llame of varying degrees of purity being given by calcium,* 
slyrontium, and radium, whilst barium differs m giving a green tlame.^ 
Isomorphism occurs in many cases between the “ corresponding 
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1 SlKmtuiiii , 
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1 ;i8- 1 i 

37-5 


Caf. 


j 
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1 
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1 



Dissociation tempiuatuie ol 
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1 1155 ! 

1350 , 


earl)onn1(‘, C 
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or “ aiialoj^^ous “ salts ol tin* different el( inents for example, tlica/idi's arc 
isomorplious, the nitrites, and also the broinates barium elilorale and 
lodate in adilition bem^ isomoi pilous with the broinates. Tlie a-lonns 
()1 the sulphates aie isoinoiphous and miseiblc in all pioportions above 
11. ('. lielow tliat tempeiat iiri', however, stionlium sulphate is 
miseible with b;iiium sulphate, but only paitially miseible with ealeiiim 
sulphati'. 

All the alkaline earth metals, in the form of their eompoimds, arc 
\ery widely disti ibuted, but tlieie is a striking difference between the 
amounts ilf <'aeh iiresent m the earlli’s einst, ealemm eompoimds, 
esjieeiallv the eaibouale. being present in ver\ large quantities, wdiilst 
radium is oul\ Idiuid in extreiiiel\ minute amounts. Strontium and 
barium, espeeiall\ the foimer, aie not toimd in \erv large (piantities. 

As regards the |)hN siologieal action ol the eoni|)ounds ol tlu‘ alkaline 
earth metals, ealeiuui is of \ital luqiortauee to both the annual and the 
vegetable oigauisiu; barium, on tlie other hand, is stronglN toxic, 
whilst strontium has very tittle elTeet It w'ould seaieely be possible to 
determine the aelion of radium due to its jnirely ehemii’al eharue- 
terislies, siiiee at any elTeetivi' eoiKTiiti.itiou of the elenumt this would 
be entiiely supeiseded b> the inllueiiee of the radiation. From the 
latter point ol view, of course, ladiuni has alu'adv shown itsell to be ol 
great service to medical seienee. 





CHAPTER II. 

CALCIUM AND ITS COMPOUNDS. 


CALCIUM. 

Symbol, Ca. Atomic wcifrht, 10-07 (O^IO). 

Occurrence. Calcmni, always m the combined form, is amon^^ the 
more widely distrilaitcd and the more abundant of the elemenl.s. It is 
an important eonstiliient of many rocks, both igneous and sedimentary, 
occurring ehielly as carbonate, sulphate, siljc'ate, phosphate, ami 
fluoride. There are, in fact, whole* ranges of mountains e()m})oscd 
largely of calcium carbonate. Calcium is also a common mineral 
ingredient of most natural \Naters. Finally, animal skeletons owe their 
rigidity mainly to calcium phosphate, and the shells of molluscs and of 
birds’ eggs to the carbonate. 

The metal forms ti-t? per cent, of tin* older or primitive part of the 
earth’s erii^t,' or ;b‘ 2 r) per cent, of the outer part of tlu* cartli, including 
crust and sea.^ The amount of eal<*ium in sea-water is from 0 * 0 ;i per 
cent, to ()’()5 per cent 

Calcium has also be(‘n found in meteorites,* and by spectral analysis 
in the sun and fi.xed stars. 

The chief ealeium minerals, together with their more imjiortant 
physical constants, are given in the table on the following ])ag(* 

History. —Compounds of ealeium haw been employed for building 
purposes since ^c^y early tunes. A mortar composed of sand and 
either lime or burnt gypsum was u.sed by the Egyptians, and in the 
first century a.d. Dioseondes and Pliny described lime-burning and 
slaking. In lfi93 Ilomberg heated together sal-ammoniac and lime for 
the production of Ilombcrg’s phospliorus, a phosphorescent calcium 
chloride. In 1722 Hofmann showed that lune was a distinct earth. 
Black noted its alkalinity m 17,55.^ Lime was regarded as a simple 
body until the time of Lavoisier, who suspected it to be an oxide. The 
", metal was isolated by Davy ® in 1808, and independently by Berzelius 
x and Pontiii, 

, ■ Preparation of Calciflm. The methods by which the problem of 

< * Clarko, “ The Data, of deochemistry," Bull. V (ieol Surrey, No. 61G, 34 

^ Vogt, Zntech. ptaki. (ieol, 1898, 22o, 314, 377, 413 ; 1899, 10. 8ce A Geikie,* fcici- 
itSok of Geology (Maemillaii & Co., Ltd ), 1903, vol. i., p. 8.3. 

* Dittmar, Rep. of Voynge of "’Challenger," vol i , “PhyNies and Chemistry,” 1884. 

’‘‘pr 203, ei ^eq. ; IVheolcr, J. Ameio Chein. Soc., 1910, 32 , 646 % 

^ * ^mith, Ann. Chim. Phytt , 1879, f5j, 16, 467 ; Farrington, Mi^eorxice (H. R. Tlonnelley 
Co, Chicago), 191.5, p. 113. \ - , ■ 

* 3)ack, Alembic Club Repnnta, No. 1. * ^ j 

;.:;?v -t‘3>avy, Phil. Tram., 1808, 98, 341 
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" ; cAtayitf Ajjr® ITS ooMPOONbs. i n ; 

ieplitation of metallitj calcium has been attacked may be divided ^ 
"i^'ihto two classes : — 

I. Electrolysis of a fused compound. 

II. The displacement of calcium from its compounds by a more 
' ' . electropositive metal. 

Only 'the lirst has risen to the di^uiity of a commercial process, and . 
that not to any ^reat extent, o\mii<; to the limited use to which the metal 
has’hitlierto been put. * 

Electfolytic Metiuuls. l)a\v electrolysed a paste of calcium oxide 
mixed with the red oxide of meremy, usm<; a platinum anode and a 
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mercury cathode. An amalgam was formed from which distillation in 
a current of hydrogen failed to remoxc the mercury completely.^ 
Several subsequent investigators attempted the sejiaration by similar 
methods with more or less success.^ 

The experiments of Hoteliers and StockcMi * first made possible the 
production of nictalhe calcium on a large scale.** They electrolysed 
used calcium chloride, avoiding a temperature above the melting-point 
■. * Davy, Zoc. cil. 

' '* Hare, J. prakt. Chem,. 1840, [IJ, 19 , 249 , 1841, jlj, 22 , 383 ; Bunsen, Annnten,^ 
9*» 619; Matthipsscn, Annulen, 1865, 93 , 277 , Chem Sot , 1855, 8 , 27 : Frei, 
An/nahn, 1876, 183 , 367 ; von Lengv'pt, Chem Zenh , 1898, ii, 262, Mois'jan. Aim. 

1899, [7], 18 , 289 ; Rutt and Vlato, Her , 1902, 35 , 361 2 * 

* Borohers and Stockem, Zeitsch ElcUrochem., 1902, 8 , 757, 938; her,, 1903, 36 , 17. 
;!^;^Tlal;henau, Zeitsch. Elektrochem.. 1904, lO, 608. • ’ 
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of calcium at the cathode because the molten metal dissolves in calcium 
chloride, producing the subchloride (‘a 2 CJ 2 . The product obtained 
round the catliode submerged ])clo\v the surface of the licpiid, was 
spongy, brittle, aiui not very })ure. 

Iledlich and Suter ‘ obtained a much more compact pro.duct by 
a device* winch has been adopted m the eonmiereial production of 
calcium at Ihtterfeld by tlu* linn of Siemens and Halskc*. Caleiiim 
chloride, sonietmiesr mixed with ealeiiim lluoridc to reduce the temjiera- 
turc of fusion, is used. As calenini burns m air above 800° this 
forms tin* limit beyond which tin* temperature must not be allow(‘d to 
rise, 'The cathode, a cooled iron rod pist touching the surface* ol' tin* 
lupiid, IS gradually raist*d as elect lolvsis proceeds, drawing wilh it the 
solid ealenim pioteeted by a layer ol the fused salt. This contact 
cathode tends to jire'vent t he format ion of a “ metallic fog," or suspension 
of finely divideel metallic ealemm The current density required at 
the cathode is about 100 amp per sep eni. The metal is obtained in 
the form of irn'giilar cylinders w<*iglimg 200 to 800 grin. The following 
percentage analysis of Ibtterleld ealeiuiii has been giNen:*^ (a f)7 Tf), 
Mg O-HO, Si 0*81, f'(“ 0 1 1, A1 0 87. It nia\. however, rcacli a purity of 
90-8 !)l) 0 jicr eent.‘ Fiirllier |)iinlieation of the eomniereial ])rodiict 
may be effected In distillation in a liigli vaciium ^ 

Subsequent study of the (“l(*etrolyt ic s(‘paration of the inelal has bei*n 
mainly eoneerned with the lelative nieiits of tin* submerged and eonlact 
cathodes, and with the desirability or otherwise of adding another 
electrolyte* to tlu* ealeium eliloride*. (loodwm at first adojited a sub- 
merged cathode of wrought non passing throngh the bottom of a furiiaei* 
of Aeheson graphite, the walls of which formed the anode. Eventiialh 
he replaced this bv the eontael electrode cinjiloved at Hillerreld, and 
that appeals to be tlu* most satisfaetorv method “ 

Goodwin used fused calcium ehloi ide alone loi the bath, but Moldi'ii- 
haiicr and Andersen’ us(*d potassiimi chloride in [ilaee ol tlu* ealemm 
lluoride of the (‘ommeieial process, and with a eiirrcnl density of 00 1 10 
amp. per sip cm. obtained metallie ealemm pia(*tieally fiee fioni potas- 
sium. with a euricnt (*lheiene\ ol 7,‘5-00 pel cent. Hraee eoneln(li*d 
that pure, conipletcl> dehydrated (*alemrii chloride is better than any 
admi.xturc with another electrolyte He also found that (*aielul control 
of the temperature is necessary, andean be secured by \arying the sejia ra- 
tion and degree of immersion of the anodes. Almost the entire charge of 
the electrolyte should be molten, only a .small portion at tlie sides and 
bottom of the graphite eontainer being allowed to remain solid.'^ . 

' RwlUcli !Ui(l Sutci. Kiiijlisli Patout, Sojit 2.>, lUOii , lliithi-ri.ui. /or at 

® Sotlik, C/khi 'Ani , IllO"), II, ()12 

■' Moi.s.san aiui ('liavanin*. (’ompi lend , 140, 122 Sfr al.so .Mulfirn.iun, Woiss, 

Aminhii, 1907.355, P17 

’ Hilt'/, find Hciliniht, (tnorij ('lutn , 1921, I2l, I 

^ (jloinlw'in, ./ Amv! ('hem. 'Aoc , 1902, 25, 872, 190.7, 27, 1402 l‘to( Ami Phil. 
Soc. (Pliiladcljdiiu), 1901, 43, 281 Sro ahu v. Kugflgcu, ZulKch KlcUtnchcm , 1908, 24, 
143 

* Tucker and W'lutnoy, / Aumt Chem Soc , 1900, 28, 84 , Brace, Sm/inetnnff, 1021, 
111 , 308. 

’ Moldenliunci and Andorbcn, Zeilf-rh. Slcktrorlum , 1912, 19, 444. 

* Braoo, lor i 1 1 

" See alno Pim.v, llickncll, and Tnaisoii, Tiani Anwo Electrochrm Sue., 1910, 18, 
117,® ('hem. Zenf) , 1911, 1, 12*."), -Julinhon, Tiann. Amci Eleclrochem Soc., 1910, l8, 
126 ; J Soc Chem ImJ , 1910, 29, 1289 , Uideal, Indufitrial Elect) omctaUwgij (Bailh^re, 
Tindall & Cox), 1918, p 120 . ‘ 
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Wohler ^ described the conditions under whicli the metal may be 
prepared on a laboratory scale. lie used a mixture of 100 parts of 
caleiuni chloride with 12 parts of c.'dcium fluoride, melting at CG0° (\, 
and contained in an iron vessiL The cathode was an iron wire 
of 8 nun. dianietcr, and a curieiil of 10 amp. at volts was 
supplied,, ^uvm^ a densit\ of 100 .imp. per s<{. em. of cathode 
surface. 

Il, IS also possible to obtain ealeimii by eleetifilysis ol a eoiieon- 
trated .solution of ealeiuin ehloiide. instead of the fused salt, nsiii{» a 
mercury cathode*. Tin* amalgam may then be distilled. “ 

Displacement nt paielij Chtmiea] Melhmls These eoiisisl essentially 
m the rejilaeement of ealemm m its salts bv a more electropositive 
metal. In the liist atti'iiipts, m wlueli, foi example, ealemm iodide was 
heated with sodium.* or with sodium and /.me,' or ealeiuin iodide w^us 
ie])laeeil !)y a mixture of ])otassium loduh* and ealemm ehloiidc,*’ the 
pure product was ne\er oblamed 

Moissaii succeeded m j^ettmj; iid of (‘xeess of sodium l)y utilising 
the fact tliat, although it dissohes ealemm at red heat, the two metals 
aie not iniseihlc* at erystalhsing-pouil, and the sodium can he removed 
by tn'atmeiit witli absolute aleidiol, l(‘a\mg the ealemm uiitouehed in 
the form of hnlliaiit wdiite er\stals ol f)8 1) 00 2 per eeiit. puiily. Il 
was iieeessarv to avoid contact with o\vg(‘n, hydrogc'ii, or nitrogen, 
and to use jaiK* salts. The fact that tin* process reipiired sodium 
and huge (|iiantili('s of absolute alcohol pieveiiled its use* eom- 
mereially. 

The (hllieiiJlies of the displacement method are due largely to the 
eircuinstaiiee tliat, although ealemm is less ('leeliopositive lhau .sodium 
at oidmarv lemperatuies, at a tempi lature of about HOO' ('., or e\en 
lower, it will liberate sodium fiom its eompouuds,’ due either to the 
greali'i' \olalilil\ of sodium at highei temperatures, or to ealeiuin 
heeommg more* eh'cl ro|)ositi\ e than sodium. It will not, however, 
replace potassium At bright red heat a mi.xtuK* of ealemm and 
potassium is obtained '* 

Other rediieiiig agents have been suggested m place of sodiuiu--for 
example, iiiagnesium,'' earhoii.'" and ahimimum ” .Methods have also 
been |)roj)oscd for tlu* diii'cl piodiiction ol calcium alloys, but these 
will he leferrcd to later. 

Physical Properties. Calemm ery.stalhses m hexagonal or rhom- 
hohedrie plates, which, wlien lieslilx cut, have a bright silver-white 
appeamnee.'- X-ray analysis shows tliat the ealemm atoms are arranged 
as a face-centred eiihe, each Ix'iiig siitioimded by twelve cipu-distant 

’ \\ oJilei, , 19n.'>, II, 

» liiaco, ./. //of Mdith, U12I, 25, 1(11 

LuVs-lJodart anti .Jninn, Inii Chiiii , IH.'>,S, |:1J, 54, ; Compt nnd , 1S,5S 

47 , 23 Nft/ also I In mas. ihid , 49, .IT.l 

* C.anm, Cowpl imd , JS.'ii), 48, 4ta . IHhil. 50, ol7 , .l«//«/f'/t, 1859, ill, lit, 18110 
ns, 355. 

^ Sohstadt, ('hum At'Hw, 1804,9, 

• Moissan, Coinpt mid , 1898, 126, 17.5.3. 

’ de Forcraiid, ihnl , lilil, 152, 27 

“ Dancel and Stockoni, Zt'it'^rh I'Jh Llio(k<’m . 1905. ii,*209. 

■ W'liikler, Bfi., 1890, 23, 120 
Moissan, Ann (''him Pfnr , 1899, |7|. 18, 289 
Weston and Ellis, Tmti'i Fntndnt/ Sik . 1908, 4, I.'IO 
*• Moissan, (Jompl. rend , 1898, 127, .584 
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i*"/ atoms, ^ The diameter of the atdms- that is, the distance from centj'e''. 
Si '"to centre of coiitifruous atoms is 3-40 xlO"** cm.- 

k'i'- * Calcium is malleable and (“an be drawn into wire of ,’j mm. diameter. , 

' The hardness is 2 ‘2-‘2'5 on Mohs’ scale that is, between lead and Iceland 
spar,^* or about c(pial to that of ahnninimn.^ The tensile strenfjth is 
. ' 612 kgm. j)cr sq. cm.’ 

The Ibllowmp \ allies hav(‘ been ffivcn for the speeilic cle(“tii( al resist- 
ance : 3- 1-3 X lO '* ohms pere.e. at 0“ C., tem|)eratnre coenieicnt ()-0()t^7 ; ’ 
4'6x 16 “ ohms ])cr c.c. at ordinary tcmperatniT, increasinj^ linearly up 
to about IJl-GxlO"' ohms at 000° with a temperature coellicient 
- of 0-00301; ' 0-77^10“'’ ohms per c.e. at oidinary temperature.'’ 

Swisher also determined the themio-eleetrie power to be jiositive 
with respect to lead, the ])otential xarym^ from SO mieroxolts per 
. degree at .'30° to 1 1-0 microvolts at 100' C. 

Calcium has two resonaiu'c potentials ; I 90 \olts, lli(‘ wave-length 
determining it lieing 0.572-7S A ; and 2-S.') \olts, wave-length 1226*73 A. 
The ionisation ])otential is 6-1 volts, and the eorresjiondmg W’ave-length 
2027-.50 A.’ MeiiCnnaii and Young ” found 0-12 x'olts for the ionisation 
, potential and A— 2028-2 A. 

The ionic mobility of |Ca is .'51.“ 

Using a dropping mercury cathode, Ileyrovsk^' showed the d(‘})osition 
potential of the ealeium ion to be -- 2-023 volts. 

The photo-clcetne ehns.sion of electrons by ealeium is normal over 
wave-lengths 2300 A to 7000 A, and has a inaxlmum value at A - 30.50 A. 
This niaxiinum becomes more proiiounei'd as the angle of ineideiu-e 
diminishes.” 

When heated, ealeium becomes positively ehargt-d.’- 

The density of calcium ajipears to be in the neighbourhood of 1-5A.^® 
Higher values given by earlier mvi-stigators are evidently due to 
impuritu's, which will, i'or the most jiart. be hi-avier than ealeium. 
For the redistilled metal Arndt obtanmd the value 1-.52,” and Jhltz and 
Hohorst 1-512 at 25° C.^’ Brai*e^® found 1-10 for the density of the cold 
rolled material at 22° C. 

The melting-point of calcium is 810° C.,’’ but it will sublime below 

' Hull, Snrure, 1920, 52, 227 , Chem Ahi , 1920, 14, 33<)3. 

* Ilra^g. Phil Mag , 1920, [Hj, 40, 169 ('aloulntion ii*<»m Iho loniHtition potc-ntial 
givcw 2 36 lO " <“jn. ; hec Salia, Xature, 1921, 107, 682. 

-’ Ruff and Plato, Per., 1902, 35, 3612 

* tloodwin, Proc. Avier. Phil Soc ( Plulad<*lphia). 1904, 43, 3«l , Chem Zrnh , 1906, ■ 
•ii, 1164. 

Swishor, Phya. Review, 1917, 12|, 10 . 601. 

* Biace, J. Inst. MetaU, 1921, 25, 153 C’aloulation from Ruff and Plato’s value for ' 
conductivity gives 10 6 >10" at 20° (' , and fuuu MatthieRson's 7 7vl0" ohms ' 
17" C. 

’ Mohler, Foote, and Stiinson, Phil May , 1920, [6J, 40, 73. ' ’ ’ 

* McLennan and Young, /V^c Roy. Soc., 1919, [A], 95, 273 

* Kohlrausoh, Zeilsch. Ehkbochem , 1907, 13, 343 (footnote). 

Heyrovsk^, Phil Mag., 1923, 45, 303 

“ Pohl and Pnngeheim, Ber. Devi, physikal (ies., 1913, 15, 111; see also Case; Pk 
Review, 1921, [2], 17, 398. 

, Horton, Proc. Roy. Soc., 1907, [A], 79, 96. 

Goodwin, loc. cit. ; Moissan and Chavanne, Compt. rend., 1905, 140, 122. 

. ** Arndt, Ber., 1904, 37, 4733. i 

*' Biltz and Hohorst, Zeitsch. anorg. Chem., 1922, laz, 1. 

Ill Brace, loc. cit. 

F Moissan and Chavanne, lor. cit. ; Arndt, lor. rtf. See also Taniaiu, Zeitsch. dno; 
Xihenn., 1909, 62. 81 : Ruff and Plato. Ber., 1902, -iq. 3612 .-j 
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>JHe iiielting-|)oint and is very volatile above it.* It is more volatile 
i' than either barium or strontium. The vapour pressure of caleiiiin at the 
. melting-point is 2 mm., and, by ealeulation from the vapour-pressiirip 
; curve, the boiling-point is 12K)° 

, The'following \ allies have been gi\en for the speeific heal ; 


Speeific 

Heat 

Tumpeiuturo 
Itango, “ ('. 

• 

Autlioiit\ . 

0 1453 

0 147 

0 1 49 

0 152 

0 1704 

0 157 

0 -20 5 . 

0 -78 1 

0-100 [ 

0 - 1 57 ^ 

0- 100 

1 85 to 1 20 

1 

1 

Hermiii, PhffsiLal. Zril.srh . 1J)07. 8, 150. 

Ihinseii, Pogg .inimlriu 1870. 141, 1 
N()rdnie\er and lleniomlli. livi Druf. 

1 physthtl (fV.s.. 1907, 5, 175 


More e\tensi\e sjieedie heat m^ estigalions have lieen earned out by 
Eastman and Kodelaish,' em|)lo\ing Nernst's metliod for low tem- 
peraturi's. Tlu' sjieeilie heat at 20r)-l' C. is 0 098, eonesponding 
to an atoniie heat of .‘193, and this ^alue graduall) inereases with 
tempeiatnre until, at 20 o'" (’., the \alue 0 1()9, atomie heal is 

reaehed. 

The most intense lines m the speetrum of ealenim, measured in 
Angstiom units, are the (ollowmg* : 

Are : ritra-\ inlet : 2197 791, 2208 00(5. .‘1000 80 1, 3158 877, 3301 *918, 
304 MOO; Visible- ;1700 022, .‘19.33 (>8. .‘1908 182, 1-220 731, t283'008, 
4302-527, H.25 128, 11.3 1 -91.7, H5t-70,‘5, !.,)85 808, ,5205 -5,59, .5319- 170, 
5588-710, 5857-170, 0102-177, 01.‘19 080, 0102-570, 0193-789. (>572-783; 
Infra-red : 8199,‘h 8512-0, 80()2-0, 10.315 0. 

Spark • Ullra-A lolet : 2197 ‘)l, 2208-83, 2398 01, 31.58-804, .3179-315 ; 
Visible: 39.33(;7, 3J)()8-170, 1220 7.‘10, 4283-0()l, 128{(-3()1, 1298-985, 
4302-523, 443.5-90(), 115 1-780. 

The X-ray speetrum of ealeimn has been studied by Moseley.® 

Chemical Properties. Valeium is a highlv electrojiositive element, 
and combines directly with non-metals, altiiough Goodwin ® eonsiders 
that if IS more inert tlian is generally sujijioscd. In many eases reaction 
takes place with considerable vigour. For example, if cak-iurn and 
fluorine are lirought together at ordinary tcmjioratures, the rate of 


' Wohlor aiid lioilowuhl, Zat'<ch phtfuikal Cfirm., 190S, 6l, 08. 

® Pitting, Fhys. Rei'iew, 1921, i8, 3fi2 , ./. Ind MeUih, 1921,25, f'O al.su Hirech 
Tftnd Aston, Trans Anier. EUciwrhm. Soc., 1908, 13, 143, Walden, Znl^rh anorg Chevi,, 

lU, 231 

i * Eastman and Rudebush, J. Amci. Chem. Sor„ 1918, 40, 489 

Marshall Watta, Index of Spectra (Wesley & .Sun, London , Abel Hoywood & Son, 
^(mohester), AppendiccH “ V ” (1913), “ W ” (1914), and*“ X ” (1917), See also Tablei 
rSwiWWftKw Constantfs et Donnees Xummques ((Tauthier-Villars et Cie, Pans), 1913-19jd, 
pp- 384, 388, 390, and 391. 

iiTrtOttlAV Phil ^nn 
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reaction is sufficiently great to raise the mass to incandescence, and the 
resulting fluoride is nioltenJ 

The readiness with which calcium combines w'lth the nitrogen of the 
air, forming a yellow coating over the surface, resulted in an error in 
the description of the colour of the metal by the earlier investigators,- 
the j)ure untarnished metal being silvery white in a])p(‘aranee. 

At 300° L. it burns in oxygen with a brilliant light and ah intense 
heat, which volatilises the lime. Combination with the other halogens, 
with hydrogen, and with suljihur, selenium, tellurium, pliosphdnis, 
antimony, boron, and silicon, can also be effected with varying 
facility. 

Dilute aculs are decomposed by ealeiiini with vigorous evolution of 
hydrogen. Water is attacked more slowly owing to the formation of 
an insoluble coating of hydroxide on the surface. Carbon dioxide, 
silica, fuming sulphuric acid, sulidiuretted hydrogen, borates, oxides, 
sulphides, many fused salts, and various oiganie eompounds may also 
be decomposed.* Calcium will even decompose some alkali salts at 
bright red heat.'* 

Moisture appears to have the customary inlluenee, since ealeium is 
unaffected by dry oxygen.'* 

The reactivity of ealeium depends largely on its physical state. 
The fused mass of the metal is less readil> attacked than the well- 
defined crystals.'’ Sie\erts** showed that some samples of eommereial 
calcium combine w’lth nitiogen only above 800° C., but the majority 
have a second temperature range of aeti\ity between 300° and 000° C., 
the optimum temperature being 140° C. The inaetixe ealeium may be 
changed to the aeti\e form by melting, and then cooling slowly to 
produce a relatively coarse-grained crystalline struetuu'. It w'lll then 
absorb nitrogen even between LOO" and 300° C. The reverse change 
from the active to the inactive modification may be bi ought about by 
ehillmg quickly from 8t0° C. or by meehanical powdering. The absorj)- 
tioii of hydrogen also depends on ervstalhne structure, but no samples 
are (piite indifferent to liydrogen below 800° C. 

Caleuim reacts with gaseous ammonia, or dissolves in lH|uid ammonia 
to form an addition eonqiound which gradually gi\(‘s off ainmoma and 
hydrogen at room temperature and forms an amide.* 

With alcoholic ammonia it forms ealeium ethylate, the amide prob- 
ably being an intermediate product.’ 

Physiological Action of Calcium. The salts of ealeium arc not 
111 general toxic, but m large (juantities will act as museular poisons.** 
As ealeium is a necessary eonstitucnl ol bones, a delicicney of calcium 


’ Moifssaii, L’ompl. rcml , 181)8, 127, ri84 , Ann Chim , 185)5), [7], l8, 285) 

^ von Longycl, Chein Zvnti , 1898, 11, 2U2 
Soc j)ara}»raph on inopaia^ion ot ealennn ilis|)lafiMiu‘nt nicthodH 
^ Krdinanii and van <tei Smis.i(*n, Anmtlrn, 1908, 361, 82 

s Moissiin and Cha\anne, Compt tend, 15)05, 140, 122 See aLo Dooiiner, Zeitach. 
anoiy Chem , 190(5, 49, 8(52. 

* Sieverts, Clieui Zeit , 1915, 39, 804 , Zeitsth angen\ Chem , 1915, 28, 18], (519 , Zeitsch. 
(Ckklrochem,, 191(5, 22, 15. Arcoidmg to Kuft and Hartmann, ZeiUeh anory. Chem., 
1922, 121, 107, till) IjohaMDur^of ralcium towards nitrogen deponda loss on its physical 
tlian on its ctiemK'al puiity, pure calcium being jiractically unallocted by nitrogen 
below tho moltmg-pomt. iSei* Nitride ) 

' Doby, Zeit/ich anouj Chem , 1908, 35 98. 

‘ “ Rabuteau and Diicoudra> , Compl. rend., 1875, 76, 349 



" ‘j ^ ‘•"r - ■ ' 

ft imlucea a racljitic condition.^ The amount of lime requirecl 

the growing maujnial is at least 1-2 per cent, of the increase in bodily 
height. The effects of a defieieney are limited to the skeleton and, 
perhaps, the brain. The bones do not weigh less, but contain less organic 
natter and ash and more water.- The blood also contains calcium, 
he average (jiiantity under normal conditions being fi-1 mgm. per 
100 e.e. for males and 7’1 for females. * 


Calcium is necessary to the growth of plants, and Is found especially 
n the leaves.'* In general, the salts, especially the iodide, an' more toxic 
or plants than for animals ; not so, however, tin' sulphate, carbonate, 
)r iluoride, probably owing to their slight sohibihlv, vvliieh limits the 
imoiint assimilat 

Atomic Weight. ApprOiVimatc Atomic IIV/gZ/^- The ecpiivah'iit of 
'alciiim is approximately 20. The most ap[)ropnate position for ealeinni 
11 the Periodic Table indicates a valency of two, and, theiefore, an atomic 
vciglit of about K). The s[)c(‘ific heal determinations of Mast man and 
Rodebiish give a little over 0-10 for ealenun at the ordinary lemperaliire, 
ind assuming, according to Diilong and IVlit's Law, an atomic hi'at of 
ibout 0' L nil atomic weight of tO is again obtaiiu'd. 

Exact Atomic Weight.-- UcY'/x'huSy m 1800, oblaiiK'd T-T.') grm. of 
iilv'cr eliloride from 8-()l grm. of (used calcium chloride. gi\mg tU U® 
IS the atomic weight of caleinm. In 18 H Haup ’ analysed a series of 
jrgame salts of culeium, and obtained a mean value of “Jt!) 8}-.') (0 - 100), 
)r J10'08 (()---10), Dumas” ealeined verv pure Iceland spar, and 
jompared the ratio ealemm carbonate to ealemm oxide, obtaining as 
icreciilage of oxule ad-l'i, .'ll) 0 -t, and iiO 00, vvlueli gave a mean value 
if -t0'l7 as lh(‘ atomic weight of ealemm. The same method was ado})ted 
ly Erdmann and Marehand m their first, publication.'' A precipitated 
carbonate was also ealemed, and the value 10 0 obtained. At the same 
:ime pure Iceland s|)ar was transformed into sul|)liate, an<l from the 
'hange m weight gave tO-O'Jl as the atomic weight. 

Most of the later investigators adopted modilieations of these pro- 
cesses, and their results an' summarised on the following page*' ; — 

The work on which depends the value at present accepted for the 
itomie weight of ealemm is that of Hiehaids and llonigsehmul. As early 
IS 180!) Hiehards eomimimeated to (he Amenean Association for the 
\dvaneemcnt of Seienee his first experiments in tins direction, and 
Dublished the work m 1002.*** lit' oblaiiied anhydrous calcium chloride 
iy fusing ill a current of dry hydrochloric acid, dissolved it in water, 
ind weighed the chloniie as silver chloride. The nu'an value of the 
'atio 2AgCl : CaClg from live experiments was 100 : ,‘j8-7l0.5, giving an 
itoniic weight of 40'084. 


' A condition cliaiaotpii'^tic of tlic <liseasc populaiiv Unowii Ji'i “ rickets.” 

; * Aron and Hobauer, Ihochtm Zeitwh, 1908, 8, 1 

Lyman, J. Bwl Chem , 1917, 30, I • 

Shedd, Hoil Scieria-, 1920, 10, i. 

> Coupin, Compi. reM., 1900, 130, 791 

' All •atomic weights in this swtion havo iK'en icralciilated from the experimental 
given in tlio onginal memoirs, using the following atomic woiglit \ a lues - 
0 = 16 000 Br= 79 910 8=32065 

, ' Cl = 3.5 457 Ag - 107 -880 • C = 1 2 003 


^ Baup, Annalen, 1844, 52, 212. • 

Compt. rend., 1842, 14, 537. 

^'Eiwjinanii and Maichand. J jtraki. Chem, 1842, 26, 401 , Annalen, 1842, 44, 210.* 
thiMds, ZexUch. amtrQ. (’hem , 1902, 31, 271 ; ./. Amer. Chem. Soc., 1902, 24, ,^74. 
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Date. 

Kxpenmenter 

No. of Ex- 
pciinieiits 

Ratio ATcasuif'il 

Atomic 

Weight 

1843 

Iler/clms ^ . 


5 

('aSO.j 

CaO 

' to 22 





100 

n 2 to 


18 U 

Krdmann ; 

md 

0 

('a(T). 

(aO 

to 07 


.Mareliaiid “ 



10() 

50 028 


1850 

Krdmann i 

md 


CaKO, 

CaO 

39 98 


M a rehand ® 



100 

55 991 


1 8,j9 

Dnmas 



('aCIa 

2Ag 

39 98 





100 

19 1 527 


1 897 

llerzh'ld . 



C’liCO, 

CaO 

39 905 





100 

55 983 


1901 

llmnchsen ** 


1 

KaC’O, 

CaO 

to 1 t5 





100 

50 002 


1 902 

irmriehsen ’ 


2 

(’a(’()., 

CaO 

to 1 10 





1 0() 

50 000 



In 1910 and 1911 Hicliards and ILmiftsclimid “ published the results 
of experiments earned out with precautions ealeulated to ensure a 
very liii^h de^r(‘e of aeeiiraev. Tlie oiifiinal papcTs should lx* read. 
The ratios measured ^^(‘re. ealeium bromide to the siber re<iuired 
to precipitate it, determined by titration with silvi'r nitrate; eal- 
eium bromide to the Aseijjht of siKer bromide obtained fiom it; and 
ealeium chloride to the silver rc'ipiired to precipitate it. ^Phe salts were 
prejiared by the action of liydrobromie or hvdroehlorie acid on ealeium 
carbonate. The |)urest initial materials w(*re (‘inplovi'd ’’I'lii' linal 
sta^jes in th(‘ jiurifieation of the products weu' eondiieted in platinum 
or (juart/ vessels, and durin» the o])erations of transferenee and eva- 
poration the substances were \ ery eaiefullv protected from alt dust or 
eontaminalin^r vapours. 

Six measurements of tlie ratio (’alJr.^ : 2Ao j»a\e a mean \alue of 
92-0.5()2 : ]()(), and lienee the aloniie A\ei^iht of ealeium is K) ()7()l :j-0-0007. 
Six determinations of the ratio C’aHi\ : 2Aj>llr j>a\<‘ a mean value 
53-22.'J28 : 100, tlie atomic weight is therefore 40'0()99.® 

The authors sug^^ested 40-07 (Ag^]07 880) as a inmimum value 
for the atomic weij^ht of calcium owing to the iirstability of ealeium 
bromide and the tendeney to form a basic salt. The greatei stability 

^ Her/t*lius, Annah'ii, 1844, 46, 241 

Eidnitinn and Alaicliaiid, Annaku, 1841. 52, 210, -/ ptakf Chem , 1844, 31, 260. 

■' Kidniann and Mnrcliaiul, J. prakt (Jhtm , IS-AO, 50, 237, Anmhn, IB-W, 76, 219 
(’orrcctum of piovioii'i cxin-unn-nts amis iniule for .sin.dl Ins'] ol carbon diovidc bv calcium 
caibonatc, and small rclcnlion of ciubrm dioxide bv calcinni oxide 

* Dumas, Ann Chun Cfn/s., IS-W. |3|, 55, 11X1 

'■ Hcr/feld, Iht . 1001. 34, ‘ .W9 

'* Hinnchscn, Zeiiich phif^ikal Chem , l9Ul, 39, .309. 

' Kimiclisr n ibid , 1902, 40, 746 

“ Ru'haidh and Hunig-icliKiid, J Aniei Chem X'wr , 1910, 32, 1577 ; 1011, 33, 28. 
f ® ;M1 iitoinic weights in this scitioii have been iccalciilatcd Iroin the oxjicnmonfal 
data given in the onguial meiiioiis, using the following atomic weight values •- - 
- 0-16 000 Br- 79-910 8 -.32 06.7 

n-- 3.7 457 Ag 107 880 (’=-12003 
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of the chloride was the reason for the selection of the third ratio 
('aCl 2 : 2Ag. Seven e\'|)erinicnts gave a niean \aliie .'51- H0.5I : 100, 
resulting in an alonne weight tO 077, and ])iol)al)le error 0-000 L’ They 
suggested 1-0-075 as the inosl reliahle \alue. The International Coin- 
niission pn Atdniie Weights for lOL*."), however, have adopted th(' vahu* 

« Ca 40-07. 

It IS probable that two isoto])es (d (-alcmin e\isP ol alonne weights 
P) and 14 respeetn ely.“ 

Uses. No \eiy e.xtensive use has Inthcrto be{‘n made of metaihe 
(■alenun. Its great i(“aeti\it\ lias suggested the possibilitv ol its 
einpIoyuK'nt in the refining of metals. ' lor example, the iltsixidal ion ol 
iron.' Watts Ibimd, liowi-xc-i, that phosphorus still lemamed m lh<‘ 
iron after trealmeni 'riu- re|)lae(‘menl of alunimium bv ealeiiim m 
(ioldsehmidt's tlieimite leaetioii lias b(‘en piojiosed.’ 

It has been suggested that ealeiiim might lx- employed as an al)'>oi beid 
m gas analysis,'* or m tlu- pioduetion of high \aeualbr plnsu-a) research,’ 
since praetieallN all gases, bolli (‘lemeular\ and eompound, max be 
absorbed bv it, eilln'i’ direetlx or with decomposition. 

t’alcium has a eertam xaliic in the laboiatoiv as a reducing agent. 
The chiel objeclion to ils use- m the reduetion of oxides ami sulphiih’s 
IS llie gieat xiolenee of the rcaelion and the mfusibility of llu' oxide. 
The Moleiiei* may lx- i educed bx the use of llu- hvdrid(‘ uisb-ad of I lx* 
metal. Siheales au- ledueed to silieides bv ealemm.'" 

In organic ehcmistrx ealeiiim max replace scxlium, somel lines with 
advantage, as a lednemg " or (oiidensnig agent. It niav also b(> sub- 
stituted loi magmsmm in (irignaKrs rcaelion *’ 

ALLOYS OK ( AI/'ILM 

The allox s of ealenim have not Ihus far jnoxi'd to be of any great 
eommereial impoi lance, but, m eominon with I he pine metal, thev may 
prove lo lx‘ nsefiil as deoxidisers." 

' \I 1 .itoilUC \M'li<tlls 111 '(‘I tlnll ll.lM ImiII |('( <t|cll|:it<'<| lloni III* I 

(l.n.i in till' < 1111 : 1111 ! )iii-t)ioii<', iiMim tlic lollounm .itoiiin U(‘j<!h( valin-v 
0 -KitKK) 111 7'»<)|(» S :{_Ml(t.‘) 

• (1 l.‘)7 \il 107 SS(I (’ IJOOt 

- A .ldii, J‘nii Sill , hl2i. 35 , 107 Di im(i O'I. I'ln/'- Hi ri> ii\ 11122. 20 , iril 

‘ Bi«n(l<'iil)iiii: and Wicri'*. 1) I’ . BillcilcM. 1S71II jB], IlltiU. M-e/d/i/// HhUio- 
I'ht'in , 1907, 13 , Ilnl Austii.iii I’.ifcnt, |A|, .*»9(»2, si i* Ziil\ili HIpLIhh hrm , 1007. 13 , 710 
* Walts,./ Amci ('linn Sue, 1900,28, Il.'i2 
'* Bc'ckinaiin, Beck, and Sclilof:(‘l, Hn . 190.1, 38 , 004 
Sicvoits, s(>t* ('Ih'ihic.iI Bmpi'ilics, ]> 1 .-) 

■ Hoddv, hoc Rolf Sor, 1900, |A1. 78 , 12!» 

■' Poi kin, 7 Vr//ii Fujiidaif Soc , 1907 , 3 , II.X • 

" Belkin and I’lalt, ihul , 1 90S, 3 , J79 
Wt'dpknid and Dim, Zi it-irh. aiuinr (’him , 1912, 25 , [1], 126i5 
“ Bfekrnami, Bock, .and Sclik-gel, he nl , Neubeii: .uid .Marx, Zeit-nih Vet ihul, 
ZiiCkerind , 1907, 615 , irxi , Sjxintn and Bine. Tunis ('hem Sue, 1910, 97 , 88.3, .Mar 
Mchalk, fier., 1910, 43 , 041, Maisliall and Nicolaicwjky, dud., |> 1700; Bn-U-aii, flail 
Soc, rhnn , 1911, (4], 9 , .7Sr> • 

Perkin and Brat t. /V(j( ('hem ,SVm . 1907. 23 , .101 , 1009 , 25 , IS, Tnnu ('hem ihc., 
1909, 95, 159. • 

*“ Beckmann, Bock, and >Selilogel, he 1 it 

** Vickers, Mehh and Their Aihifs (('i<)sl>y B«n;k\v<j<id & S«in), 1928, ji Ih * 



^ ;,i “ Cboper ^ has patented an alloy of calrinm and 'alurpmiurti, contamipjg 
j Viot more than 6 per cent! calcium, for use in casting. The aJloy. is 
ductile and specifically lighter than aluminium, and, on account of its 
■’lightness, might also he used as a filling for hollow steel structures.- 

An alloy of calcium and lead, which has received the name of “ UIco ” 
metal, has been put forward as a substitute for antiinonial lead in the 
manufacture of shrapnel Indlets.^ It contains considerably' less than 
1 per cent, caleiurv, or, better still, a mixture of calcium and barium. 
It is much harder than other commercial lead alloys, and it expands 
"on solidification, forming castings free from blow-holes. The Brinell 
hardness of antimonial lend is about 17, and that of “ Ulco ” metal 22-26, 
according to the temporal lire of pouring. It can be re-melted several 
times without ajipreeinble loss of hardness, and has the general appear- 
ance of ordinary lead. Tests made by the United States llureau of 
Standarrls show that it comjiares very favourably with llabbitt metal 
w for use m machinery bearings. 

A bearing metal containing calcium, with a Hrmell hardness of 35-4.5 
and melting-point 370° has also been described.'* It has a yield- 
point 2l times as high as that of the corrcs]ionding tin alloy. It con- 
sists apparently of hard crystals of a calcium-lead compound embedded 
in a softer mass of mixed crystals of lead and other metals. 

A large number of other alloys of calcium hav(“ been studied, but 
they arc of 1 hcon^tical interest onlv. The general methods of preparation 
are : (a) sim])le fusion together of the two nudals ; (h) reduction of a 
calcium salt in the presence of another metal, or simultaneous reduction 
of a mixturi* of compounds of the two metals; (c) electrolysis of the 
fused calcium chloride, using a eathodi' of the second metal in the 
molten state. 

The energy with which calcium reacts with the metals increases with 
increasing atomic weight of the latter. 

In general, the alloys d(‘compos(‘ water with more or less vigour 
according to the amount of calcium they contain. 

Hrief data of the calcium alloys and references to the original papers 
dealing with them are given in the following table — 


Element alloying 
with Calcium, 

Renin I Its 

Autliouty. 

Aluminium . 

Probabls one eomjioimd, 
('a.\I„ m.-pt. 692° ('. 

Wohler, Annahn, lft66, 138, 


253; Arndt , /^cr., *1905, 


More than 10 per cent. 

38, 1972 ; Stockem, AUtal- 


Ca makes alloys brittle. 

h'orins lint tic alio vs. 

hir^ie. 1906, 3, U7 ; 

Doiiski, Zeitsch. anorg. 
Chem., 1908, 57, 185. 

Antimony . 

Donski, loc. fit. ; Setlik, 


See p. 101. 

Chem. Zeit,, 1905. 29, 218, 


1 Cooper, Q.S A. Patont, 12243(52^1917). 

- 2 Brace, J. Inst. Metals, 1921, 25, 163. 

'• « Frary and Temple, CTcwo Met. Et\g., 1918, 19, 523; see J. Soc. Chem. Ind., 191^ JSI 

'^,j737A, and Ann, Rep. Sor. Cimn. Ind., 1919, 4, 248, Cowan, Simpkins, and 
.Trsaw. .imer. Electrochem. Roe . 1921, 40, 27. See also Czoohralski, Zeitsch. MelQlIMnd0^ 
“^920, 12, 371 ; Chem. Ahs., 1921, 15, 6(52. " ‘'f*” 

V ** Hart, Chem ,4As., 1920, 14, 3628; '.ec alN^Rolfe, J. Inst. Metuls, 1921, 3$, 17l,\jij 
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l^oih^ht alloying 
‘’%ith Calcium. 

R(‘marka. 

Authoiitv. 

Bismuth 

No (Ichiiitc comjxumd. 

Donski, he. cit. 

Cadmium . 

Compounds, CaC'd.^, in.- 
pt. 61 j^ ('. ; a-('a(’d. 
clian^ifm^ to,^-Ca('d al 

Donski, loc. cit. 


'C., m.-pt. CS.3 (’. : 
and possibly Ca/’d.j, 
ni.-pt. 510 (’ with 

decomposition 

• 

Co]jj)cr 

Alloy contriimn'i 20 per 
(•(‘Jit. Ca IS |)nrc wliiU 
and crumhh's on e\- 
posurc to air. 

Coinpoinid ('u 4 ('a. m -pi 
0;l.) ('., and possibl\ 

CnCa^, 111. -pi. ISO ('. 

Stoekeni, Mcinlhufiic. 1000, 
3, 1 17 ; Il.ieksjali, ( '(tnipt. 
tend., 1!M)0. 142, <S0 ; Baar, 
'Acitsch. aiioift. Chou.. 1011. 
70, ;152 

Iron . 

Doubt as to w lietlier allo\ 
IS tdrmed or nol. Pres- 
sure IS apparenlb 
iieeessarv. 

Walls, ./ .Imc). Chon, Stic., 
1000, 28, ll.)2: Quase- 
barl. Mctalluffiic. 1000. 3, 
28 ; Stoekeni, lor of. ; 
Ilirseh and .Vston, Tnuis, 

. / loo . Elect f ochcni . >Soc , 
1008, 13, 1 to. 

Lead . 

Coni|)ounds. l^bjl'aj, 

ni.-pt. 77.) C . densit\ 
at 10 C. 7 0 ; lM).,(’a. 
m.-pt. 010 ’ C ; Pb(’a. 
m.-pt. Ot!)' (’. with 
(h eomposition . PbCa.,, 
ni.pt. 1112" C. 

Caron. Coinpt. toid.. I85!k 
48, IK); Moissan, Jnn. 
Chun. Phijs 1800, 18, 
2tK) . Prnur. Tutus, ('hem. 
Soc.. 100,). 87, 1580; 

Ilaeksjall, Compt. tend., 
1000. 143, 227. Donski, 
loc ot. : Baar. loc, cil. \ 
MoldiMihaiK'i* and Aiider 
sen. Zot.sdt. Elciiltochcm., 
1018, 19, ttt. 

Ma(,mc*sium 

Brittle allo\. Com- 

Moi.ssan, loc. ot. ; Stoekeni, 


pound M«r,Ca_,. m.-pt. 
715" C.. stalile in air. 

l(K\ ot, : Baar, toe cit. ; 
Blit/, and Ilohorsl. Zcit.srh. 


Density at 25 ' (’. 1 701. 
and heat of lorniation 
t;j Cal. 

nnotff. Chon., 1021, 121, 1 . 

Mercury 

Several solid crystalline 

Moissan and Chavaiiiie, 

compounds desenbe«l, 
CajllfT^, CalljTg, Call^r^, 

Ct^inpt. rend., 1005, 140, 
122 ; Feree. Compt. tend.. 


m.-pt. 200^' ('. ; Calf^^^, 

1898,127,018; Schyrger, 

w 

Call^^j,, and Call^fj. 

Zeitiich.anorg. Chetn., 1900, 
25, 425 ; Cambi and 
SjXToni, Atii. R. Accad, 
Lincei, lOU, [5], 23, ii^ 
599 ; Cambi, ibid., p. (iOOd 
Smith, J. Amer. Chent^^ 
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lEIerofiiit alloying 

1 

! Authojitv. 1 

1 with ('Hlcni/n. 

/ 

IMcrcwiy {r<m ttnuvd) 

So<\, 101,'). 37, 76. See 
atso \cuhausen, .k Anu'}. 

( 'hem. Soc., 1 022, 44, 1 4 to ; 
(inert ler, 4 1 etallofira ph 1 1 \ 



\ol. II . Pt. I.. • Ml. 
(Ci(*l)ni(h“r Hornet rae<rcr), 
1021, }). 2.37. 

Niclv('l 

lintlU' all()\ 

Moissan, Inc. rii. 

Silver 

Kveri small ((iiaiiti- 

Ilaeksfiilk CnmpL )cnd.. 


lies of (a make tlie 

1006, 142, SO ; Baar, lor. 


alhn ur<‘\ and WrillK 
Hrillleness mereases 
np 1<> S(5 |)er cent 

(’a and then de- 
(‘reases C'onpiounds, 

Ill -j)h 72,)" (' , 
Ajui'a. Ill -pt. (570' ('. ; 
Ajit'ag. m.-pt. r}.’),''/ ('. ; 
Aj:»i('a. m -pt. with de- 
composition, GiS.T (’ : 

••‘-id* "'lih de- 
composition, i51)5 ’ ('. 

cil. 

Sodniiii 

Miseilile to limited extent 

Moissan. ('nmpt lend., J808. 


Ml li(|ui(l state hut 

126, 1753; iMulhmann, 


separate* on coolinj; 

Weiss, and Met7.j»(‘r, 
Annidrn, 1007, 355, 1.37. 

Tlialliimi . 

Compounds. Tl^C’a, de- 
<*oin])OSition at 524' (' . 
Tl jC'uj, in.-])t. with de- 
composition at ,)55' (’ ; 
TICa, in.-pt. t)()9' (’ 

Doiiski, lor. <‘it. 

Tm . 

C’aSn m.-i)t. 02 1'’ (\ 

Moissan Ann. Chnn. I*hifs , 
1800, 17 1, 18, 280. 

Zinc . 

C'aZn,(,, in. -fit. 717 ( , 

Moissan, hr cii. . Doiiski. 


heat ol rormatioii 11)5) 1 

Inc. r It. ; Moldenhati(‘r and 


h t- 7 C'al. and lieat of 

Andersen, Zeil.sch. FAchho- 


fusion 77 cal. pcrjfrm. ; 

chem.. 1013, 19, l.H.;Tloob, 


ClaZn,, m.-fit. (iSO ' C' 

Zeitsch. annrg. them., 1016, 

c 

with decomjiositioii, 
heat of formation 55-0 
±:i C at. ; (’a^Ziig, 
m.-pt. 688° C. ; Ca 4 Zn. 
m.-])t. 385° C. witli 
decomposition. Alloys 
containin*; 0-6 per cent 
Ca arc a little harder 
than zific. Brittleness 

94, .320. 

increases up t.o 30 jicr 


• 

cent. Ca. 
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See also Gina and Giua-IiOllini, Chemical Coinbination among Metals^ 
translated by G. W. Robinson (Churchill), 1018. 

(OMPOl^XDS OF CALCIUM. 

General Properties of Compounds of Calcium. With certain 
minor cxcVjitions, calcmni bcluncs ns n dnnltMit clcincnt. The l alciuni 
ion IS colouilcss, so that a coloiinal salt is. in yciKTah only obtained with 
a coloured anion ; tbi example', calenim ehioniate is* ( How. Thi n; is a 
decided ttaidenev to foiin (lonbh' salts, espeeialK with lh(‘ sails of the 
alkali nic'tals. 

( ALCIUM AM) HVJ)R()(;F\. 

Calcium Hydride, CaH,. H\ heating lime with ma^iK'sinm in 
an almospli<‘rc of hydrogen, Winkler obtained .in earthy substance 
which he regarded as a mixlnre of ma^^iu'sinm o\id(‘ with eal(‘nmi 
hydiidc', to which he fjfaxe tlie Ibimnla Call.' ProbabK nnaltaekcd 
ealenim still remained Calemm hydiide, CalU, is rornied by the dneet 
combination orealeinm with hvdioi^en, the rateol reaction de|)endin|jj on 
the physical slate of llu* metal as well as on th(' ti'inpeiatme “ 'riu* 
most I'axonr.ible tempt ratnres, apparentK, aic between 150' C. and 
800" and above OOt^ (’. A snpeilieial la\ei of hydiide faiMlilates 
further absor[)tion.- 

Jt may also be pi<'pai<‘d b\ fnsino lime elect riealK in a current of 
hydro^t'ii and eoolin^^ the product in livdio^en.' 

Calemm hvdride is a white erystallme body ol densiU 1-7, insoluble 
111 the usual solvents, and capable of bem^r heated uj) to OOO'' C. m 7 aruo 
without (It composition.' Jt does not (‘oiulnet eleetncilv, mdieatinff 
that it IS not to be iej»aided as an allo\ , ‘ since h\ dioijen does not fnnet ion 
as a metal,'’ 

Calcium hydride is moie slalile I ban (mIIu i* stiontmm or liarinm 
hydrides.’ 

Recent observations seem to show that calemm livdiidc and calemm 
form a eomjdete senes ol solid sidntions, and also that (*alemm will 
dissolve hvdrogen without eombimn;* with it The lattiT lael jnobably 
explains Sicverts’ observat ions, to w Inch refei (‘ne(‘ has alread) bev'ii made. 
The absorption of hydroj^en at low lemjK-iatnres is no doubt dnelosimfjic 
solution. w Inch ceases at C , vvlnlst hvdride formation does not be^rju 
until 00(P C. IS reached.’ 

The.se different solution phenomena make it dillienll to determine 
the dissociation pressuie of the hvdiide because the sy.stem is divanant. 
At 810° C. the dissociation piessuie of the pure hydride is litH) mm , but 
it is lowered by the jiresenee of the metal up to a eoneent ration of 18 
niilligram-niolecules of ealeinm pei gram of hydride. It is, theiefore, 
evident that hydride iormation may take pla^e at a temperature much 
higher than the dissociation tempeiaturc of the pure hytlnde.’ 

^ Wiuklcr, Bcr., 1891, 24, 1974 , .''I'o ulsu vmi L« iinyol, CIk ni Zintr , 1898, 69, 11 , 21)2, 

* Sieverts, Chew Zpit , 19J.5, 39, 804. Sec* Kpliiaim and .Michel, tlelv, ('him. AiiOf 
1921, 4, 900, Barrlwcll, J Ama ('fnm Bor, 1922, 44, 2199 

® K]ot.eA\ alter, (Jciiuari I’.itcnt, 911987 , wo •!. So( Chrtn Iml , 1920, 39, 40() \ 

* MoLssaii, CottijA null , 1898, 127 , 29, Amh Cfiiin Ay*, 1899, (7|, 18, 289 

- Moiasan, A«/i Chun Phijs , 1905, [HJ, 6, 289. » 

* See this senes, Vol. 11. 

’ Ephraim and Michel, be iil. 





fjfr ^ ' From his sluciy of the "dissociation 
^'6^1® C. and 747° BrDnsted calculat 
'-'to be 43‘980 Cal. as against the observed value 45-100 Cal.^ 

;■ It is a valuable reducing agt-nt, especially for organic substances,^ ' 

' and can be kept more under control than metallic calcium.^ Methane . 
may be synthesised by the action of carbon, carbon monoxitle, or carbon 
dioxide, on calcium hydride.'* * 

At 100” ('. calcium hydride, m common with the other alkaline earth 
hydfidcs, reacts with ai-ctylenc, ])roducing an acetylenic acetyhde, 
CaCj-Cgll,, and lib('iatmg hydrogen. If this compound be wanned 
gently in vueno the carbide mav be obtained at a low temperature. '' 

Calcium hydride muh-r the name of “ hydrohth,'’ as a portable form 
of hydrogen, has been made the subject of jiatcnts issued by .Jaubert.** 
It contains 00 per cent, pure calcium hydride mixed with some oxide 
and nitride. When acted upon b\ water, 1 kgm jiroduccs 1 cid), metre 
of h}droj»cn. It has bci n cnijiloycd m the French army for the filling 
of dingililcs. Ilydrogemtc " is a mixture similar in its behaviour to 
“thermite.” and contains tlu- liydridc, a certain amount of a metal or 
alloy, and water in tlic form of a hydrated body such as slaked lime. 
When heated at one jannt reaction proceeds vigorously throughout the 
mass and yields hydrogen.’ 

When a solution of calcium hydride m a fused eutectic mixture of 
potassium and lithium chloride is electrolysed, the hydrogi-n lichaves 
as a halogen and is liberated at the anode in the proportion rcijuired 
by Faraday’s Jaw.” 

Other Hydrides. From \ a|)our-pressure measurements iMoldeii- 
hauer and Roll-TIansen ® eoneluded that a lower hydride of ealeiuni, 
Call, exists, but their results were probably due to inequalities of tein- 
perature in the tube in which the hydride was ]ieated.*“ 

IloffnieisLer supposed that lie liad discovered a gaseous hydride of 
caleium, but this result has received no further conlirmation.** 


CALCIUM AM) FLUORINE. 

Calcium Subfluoride, CaF or CUgF^. Cunt/, and Bassett*- 
\ attempted to jirepare a siibelilonde, subiodide, and sublliioride by 
heating together mixtures of metallic calcium with the chloride, iodide, 
and iluoride resjiectjvely, under \arying conditions. They eani'c to the 

* Bionstwl, Zcityh, KUkinnlu-m , 20, HI , soc ,iImi (l.uitici, Coiiipf ivtid , 1902, 

234> 1108 , Uunt/ and touiid 40 200 Cal , ('vmpi rend , I90.”>, 140, HO.'} 

* Koicb and Seijx'k, Udi Chim Ada, 1920, 3, illH See abd Klilcr and Bonder, 
. ZeiUsch anorg. Chviu , 19l;i, 83, 149, Kbicr and HoridiK«'!i, lin , 1913, 46, 2204 

» Perkin, Tram. Fnjaduy Sor , 1907, 3, 1 15 ; IVikm and I'ratt, thid , 190H, 3, 179. 

* Mayer and Altinayei, liei , HHIH, 41, 3074 
‘t * Moissan, Compt, lerid , lOuy, 136, 1524 

' ' “ Jaubert, Compt. und., 1900, 142, 788, Kieneh Patent, 327878 (1902), Kngbsh Patent, 

25215 (1907); nee also Krull, Zdtach angfir Chem , 1900, 10, 1233; Tomkmson, Ch&nu 
1921, 122, 241 ' ■ . . 

T Jaubert, English Patents, 1.53, 9023 (1911) , 6005 (1912) ; Ficneh Patents, 427191 
’*';a910) ; 438021 (1911) ; V S.A I’atent, 1099446 (1914). 

* Bardwell, J. Avier Chem ^oc , 1922, 44, 2499 

. • Moldenhauor and RoJl-Hanson, Zethih, anorg. Chem., 1913, 82, 130. 

If Marino, Atti R. Accad. Inncei, 191.5, f.>J, 24, 11 , 143 
Hoffmeister, Zetisch. anorg. Chem., 190G, 48, 137. 
y Guntz and Bassett, Bull. Soc. chtm., 1906, [3J, 35, 404. 


■pressures of the^^hydride 

xi the heat of formation at 18 ^ C,' 



however, that the so-called subhalides were merely mixtuws^ 
’of» unaltered salt with a little hydride and oxide, resulting from the . 
accidental presence of small quantities of water. Hence the property"' 
of liberating hydrogen from water, shown by these products, was due 
to the action of hydride on water. 

Wohler and llodewald,* <>n the other hand, stated that by heating 
together calcium and calcium lluoride above 1 100“ ('. in a steel tube, 
protected by wrapping in platinum foil and eoatin^with basic (ireclay, 
crystals were oblained ol' a red to orangi‘-\ ellow colour with a mrtallic 
lustre, and of eonqiosition corresponding to the formula CaK. Formation 
only began above IKUr C. Helow this tenqicrature the eompouiul split 
up into metallic caleiuni and the lluoride. To obtain the subihioride 
stable at the ordinary temjieratiiie, it had to be cooled rapidly by quench- 
ing 111 solid carbon dioxide. Ily treatment with bromoforin the sub- 
lluoride could be se[)arated from the lluoride owing to difference of 
density. /Fhe snhlluoiide is not so delKpiesecnl as the suhebloride and 
siiliiodidc, and is less casih attacked. The density at 20" ('. is 2-;jor). 

Calcium Fluoride, CaFj. — The best-known natural form of caleium 
lluoride is the mineral lliiorite or lluorsjiar, ervslalhsing in the euhic 
syslc'in. It IS oJ'teii richly coloured, for example, blue iluorite, or Illue 
John, from the lamous Hlue John mines near (astleton, in Dcrbysliire, ‘ 
and a red fluorite found near Ashover in the same county.- The Colour 
IS not homogeneously distributed, but appears to form lilms a I the 
crystal surfaces, especially at the junctions. Th(‘ colour of Hliu' John 
is ju’obably of organic origin,'^ but that of red lluonte is due to small 
quantities of limomte, Fej 03 (()ll Other coloured varieties are also 
known, and m fluorspar districts tlie carving of ornamental vases from 
the mineral often forms an important industry. When gently warmed, 
the mineral fluoresces, and this eireumstaiiee gave rise to the term 
fluorescence. 

The tiuoride also occurs associated with the phosphate as lluor- 
apatitc, and is found m small (juantities in teeth and bones. 

It may be formed by direct union of its elements (see page 15). The 
heat of formation is 2119-18 Cal.^ Ily neutralising calcium hydroxide 
or carbonate with hydrofluoric acid, it is obtained as a white precipitate, 
crystalline in the ease of the earhonale. The heat of neutralisation 
• ^Ca(()iI) 2 Aq t IIF IS 18-155 ('al.'’ Addition of a calcium salt to a 
solution of a neutral fluoride gives a gelatinous precipitate, but boiling 
the latter with very dilute hydroehlone acid transforms it into the 
crystalline variety.’ 

A crystalline compound may also be prepared if a mixture of ten 
parts of calcium chloride and one of manganese lluoride is fused in an 
, 'atmosphere of carbon dioxide at SOtf-l 100° C. On treating the 
product with water, and then dilute hydroehlone acid, calcium lluoride 
Is obtained as octahedral crystals if the fusioTi has taken place under 


* VVohlor aiid liodewaltl, Zeilsih. anorg. Ckem , 1009, 6i, 54. 

V Garnett, Trans, Chem. Soc., 1920, 117, 020. 

^ Blount and 8equeira, Tram. Chein tSor,., 1919, 115, 705 ; Sakao and llirose, Mem. 
Sei. Kyoto, 1921, 4, 349 ; see Trans. Chtm. Soc., 1922, 122, Abs. 11 , 779. 

t V^de Forcrand, Ann. Chtm Phys ,1911, [8], 24, 256 (Ittitz and BaHsett gave the value 
7-4 Cal., Compt. rend , 1905, 140, 803. 

• Berzelius, Pogg Anmlen, 1824, i, 20. 
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1000® C., or cubes if over 1200® C.^ Potassium hydrogen iluoride may 
be used instead of manganese lluoridc.- 

By })ourmg jiofassmm lliiontic solution into an excess- of calcium 
chloride solution a eolJoidal solution of ealeiuiii Iluoride enii he prepared.'^ 
By dialysis, succeeded by eonceut ration over sulphuric acid u/ vacuo, 
a 2 ])er cent, solution can be obtauu'd. The colloid shows the charge 
of the ion in excess at the time oi |)recipitation, in aecordanci' with 
liOltermoser's obstwation.'* 

A* plastic form of calcium Iluoride has also been desci ibed.’’ 

'J’lie ni(‘lting-|)omt of fluorspar is i;j78® the densitv 8 H)/ and 
the sjiecilie heat 0 21 H)2 '' Fluorspar is very transparent to ultra-\ lolct 
rays, tlu- sliortcst wave-haigth penetrating it being probably 12.‘10 A.'-* 
Aeeoidingto Ficiny,“' caleiuin Iluoride is deeoniposi'd by w'ater and 
by oxygt n at n'd heat, jirodiicing hydrolluorie acid and probahiv Ihiorine 
respect] \ <‘ I _\ . t'liloniu' also dcconiposes it. an eijuilibrium pomi Ix ing 
rcaelu'd. 

The solubihly of I he natural lluors()ar, deterinincd by nicasurcinenl 
of the clcel rical conduelu it\ of the saturated solid ion,” is la 07 mgm. 
per litre at 18" (' , and that ol the pri‘ci[>ilaled Iluoride, 10.3 mgm. per 
litre, 'rile sohil)iht\ meteases with rise m temperature, and tlu- heat 
of solution IS 2 7 Cal'- (’onci-ntratcd acids increase the solubility 
of tlu' salt considcrablv. and on healing with concentrated sulphuric 
acid, h>drolhioric acid is obtained, tins being, m fact, the eommercial 
process for the ]U’o(luction of the lattei Ilydrolluoiic acid itself also 
increases the soluluhty, [irobably through the foimation of a <‘om})Iex 
ion. 'riic salt t’aF^.2ilF.(llI^() has been obtained m the solid stali'.'-^ 
Fluorite is used tor o])tieal pm poses ” 

In the soil calcium has a bciielicial eflcet on plants.'' 

Fluors|iar is used as a Ihix m \anous metallurgical opeialions ; m 
fact, its employment for this purposi* <latcs from \er\ cjiily times and 
IS the origin of its name, 

CALdFM AM) ( III.OBIXK 

Calcium Subchloride, Ga(d or Ca,CC.'" -In cairvmg out c\|)(‘n- 
ineiits on the preparation of (‘alcium b\ electrolysis of the fused chloride, 

' Dcffitq/, Oompt }f)i(l , IIMIIJ, 137, I2.')l 

- Pmilt'nc, dw/i ('film /Viys , IHSlt, |7 1, 2, 21 
l*nti'iiio iiu<i Mn/ziichitlli, Uti R A<<nd Liiim, llMl.J, 1.1), 12,11. 120,520, 

/.iiuholli iirwl \ itu, itozzilla, 1020, 50, 1., 222 
V, ‘ IjdttoimoMia, ./ puikt ('lui)i , 190.1, 72, .{9 
'' ■ t'ohn, aiujiir ('him, 1911,24, 

** KiiiiindocH, Zi'it^ch nmtnj Chrm , 1910, 88, 1S8 Kull iiiui I’latu found 1230'' (', 
fia ,sJ902, 36, 22.17 

■ RulT and l*laln, lii r , 1902, 35, 2012 , sec .dso Schiff. Aiinaleii, 18.18, 108, 23. 

'' Uognaidt, xiiin ('him l'hiJ-> , 18-4!, |2|, i, 129, found 0 209, Aiinahii Huppl , 

18(U-5, 3, 292 

* MaiU-n-!, Ann VhijsiL, I90l, |4J, 6, ()U3 
'® Eremy, Ann Chun. Phyt , 1850, 12 1, 47, .1 

Kolilraus('h, Zpi/.srA idupdal C’Apw , 1908, 64, 129 
do Eoifiand, lo< 1 it 
Fremv, Im at 

'* Oiffoid, I'roc Hui/ jS'oc , lt)02, 70, 229 

ff Anipola, Oazzcttd, 1904, 34, 11 , 1.10, Kuijiro Ano, Hull (Ml. -lyi Tvhjo Imp Univ , 
1900, 7, 85 ; hoo J. (''hem Soc , 1900, 90, Abs u , 888 , Hauticu .iiid Clausmann, Compl. 
rttMi., 1919, 169, 115 

** 8eo Calcium vSubfluoudH, p. 24 
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a product re^rardcd as a subchlondo, ('n,C'l2, l»ns sometimes been 
obtained.* Wohler and Hodewald - obtained the siihehlonde by a 
method similar to that A\hieh th(‘\ (“inploN ed for the siililliioride. 
Calcium and ealeium chloride in e(jui\alent pioportions were lieated 
to^etlier, i'or horns, at !)00' 100(1' (' . m steel e\ Imders ol 0 e.e. 
eapaeit\. . This was follow I'd b\ lapid (puaiehm^ m s<ihd earbon dioxnle. 
The nietallie ealeium was removal b\ lloatm^ ofl m ('lh\l lodiih', and 
bronioibini was used to s( |)ara1e lh<‘ siibehloiide ^lom tiu' ehloruh*. 
Ited-N lolet eivstals, which t('<‘al](“d noiehers and Stoekeiu's pioduel, 
wcr(' obtained. 'Die tempi'raliii e which must be n ached In hue the 
lormatioM ol siibehloi ide eaii take piae<‘. was lound to lx- about 
SOO'' C. 'I'lns e\])lauis whs. m the eh'ct iol\ sis of ealeium ehloiah , the 
produetioM ol I he siibehloiMh' can be axoided b\ keeping tin- teiupeia- 
tiiie below SOlC C. 

When ealeium subehloiidi- is aeled iip»)ii b\ walei it ^u\es ealeium 
ehlori(l(', ealeium h\(lio\id(‘, and Indio^um 

(a.H. .‘Jlld) lad, ta(()II), H, 

(Calcium Chloride, (aiCl, ( aleium ehlmuh oeeiiis iii iialiiK as 
the imiural taelndrite, a double ehloiide ol ma^iiu'sium .md e.ilemm, 

( al l,, 2M^d, .1211,0. It IS also |)H sent iii sea-water 'rim ))arl jilaw'd 
by taeludriti- in the loimation of oeeauie salt deposits has been sludu'd 
b\ \an ‘t llofi and Ins eolleayiu’s. ' 

Caleiimi elihuide mav be obtained b\ diied lombmation of its 
(deiiKiils 'rhe leaelion do<s not lake place ni the cold, but is \('rv 
\i};oious on the appheatioii ol lu'at ’ 'I'lie Imal of loimation is 
100 I I Cal ’ 

It can b(' |)iepai(‘d l)\ iieul lalisal loii ol (ahaum eaiboiiale or oxide 
Willi hydroehlorie acid and exaporation l<» dr\ness. To olilani lh(‘ 
aiilivdroiis sail the icskIik- must be fused, but as the action ol watm 
vapour tends to decompose it and make it .dkalinc. h\ dioehloi le a<'id 
^as followed bs nitio^in must be passed o\ er it *' 

Anhydrous ealeium chloride is a while solid ol densil\ 2 1.') at 
20' (’.' 'rile deiisiU in the moll(‘n stale has also been deternnmal." 
'rile following values at dillcK'iit lemperatines have been found . 


'I’l'inpi'i.ilnie, <’ 

l*( ii'it\ 

SOO 

2 0 tS 

s.yo 

2 020 

5)00 

' 2 002 


' Uoiclii'i'- 1111(1 stiu kem, Zn/scA fih Uhm linn , , /to , I9IM 36, 1 7 Oiillfrl 

and St(K'k(’iii, /,nt',rh FAi'htmrhnu I'lir*, ii, ‘iO'l tml s(m .|olinM)ii. Tiam \iiin IA<r. 
Uorheni So, , I'.IIO 1 8 , I4:t 

* Wolik'i and JOulcwald, Znt-^ih luiouf I’luon , I'.MM), 61, 

® van ’t Holf and d'.Ans, Sitzunyuhn K Ahid II ?vs linlm, llio.'j, Opt , van I Half, 
Keniick, aiut Dawson, ZeilKch iikifsiknl Chnii . 15102, 39, 27 

* Moissttii, Ann. Chun /Vuy.-. . 1801), (7|, i8, 285) 

dv Krncrand, Ann ('him I’lnfi . 15)11, |8|. 24, 27h^ (Junt/. and Has>.i lt tllu 
valuo 190 8 , Com pi teml , 190."), 140, 8()8 

“ Richards and Homgsifiiiu<l, J Amn Vhern -S'pi , 1911, 33, 28 
^ Richards and HonigMctiinid, be cit 

* Arndt and Loew eastern, Zeil^rh Elcklrorhem , 1909, 15 , 784. 




recenfi* determinations of the melting-point give Val 
^fjrihg betwceji 770° and 780° C. 


Melting-point, ° (' 

Authorit\. 

780 

Knlf ami Plato, lit'/., 1008, 36, ‘2807 

771. 

•Arndt, ZHt.sch. Kichitocheut . 1000. 12, 887. 

• 778 0 

Plato, Zeiheh. phy.sikaL Chein.. 1007, 58, 850. 

77‘2 

Karaiideeff, Zrihrh. niiotff. Chem., 1010, 68, 188. 

777 

Menge. Znl.\rh. utunf*. Chem , 1011. 72, 10‘2. 

778 

Seliael'er. Jahtb Mimn . 1010, Beil Bd.. 43, 182. 


The SjK'cihe lical ‘ hetweeri ‘28° and DO’ C. is 0 10t‘2(). 

Values for the electrical eonduetiMt> of fused ealeiuni chloride at 
' different tenijieratures are given in the following table ^ : - 


Ti'rniK'Z.iluic, ' (' 

Npi-i-ihi CoiiductuitN 

K(iiii\ ah-iil ( 'onducli vitv 

800 

2 10 

50 0 

850 

2 ‘27 

()2 8 

000 

•2 to 

00 0 

050 

2 51 

70 t 


Arndt and VVillner'’ found the decMinposilion potential at 800° C. 
to he 8*‘24 volts. According to Ni'iiinann and Hcrg\c * it is ‘2 85 volts 
tft 585° C'.,’’ and the teinperatiirc cocllicient is 0-085 < 10 K The actual 
working \ oil age in the separation of the metal is verv much higher. 

The fused salt becomes iihosphorescent on exposure to sunlight, and 
really constitutes Jloniberg's phosphorus. 

t'aleiuni chloride is very deliquescent, which makes it a valuable 
drying agent in the laliorator) and in technology.'* According to 
' McPherson,’ the porous granular calcium chloride, obtained by drying 
a little above *200° is a more rapid and more ellicienl dcsici'ating 
agent than the fused salt, because the action is due to absorption rather 
■than to hydration, and the porous form naturally exposes more surface. 
At ‘25° C. the \ apour pressure of the fused salt is 0-85 mm. and of the 
granular (Ml- 0’‘25 mm. 

The solution of anhytlrous calcium chloride in w^ater is accompanied 
by considerable heat evolution. The molecular heat of solution is 
’17-4.8 Cal.» 

\ ' Berthclot and Ilosvay ^stated that the heat of solution of recently 

. fused salt is about 0-800 Pal. greater than that of the same salt two 

‘ Kegnault, Anil Chim. Phyn., 1H41, pJJ, i, 129 
I'l, * Amdt and Loewenstein, bi ( it. < 

i “ Amdt and WiUner, Zettuch. IClekUothftn., 1908, 14, 210. 

Neumann and Bergve, ibxd , 1015, 21, 162 

* The temperature of fusurfwos reduced by tht- addition ot lithium rldoi-ide andi, 
fluoride. 

t/. . '* See thi8 seritw, Vol IX., I’art III. 

\ MgPherson, J. Aimr. Chem. Soc., 1917, 39, 1817. « ^ 

de Forcrand, Compt. rend., 1911, 152, 27 ; sec ako Pickering, Her., 1894, 27, 








ccwpoDW)?; "p- 

j^nths totw, apparciitly iiidirnting the pivsonep^f niiotlier inodlHc^'-: 
tion.^ All observation made by Itichnrds and Ilonigst hinkl - supports 
this conclusion. In tlic last stages of the jircparation of pure cahium 
chloride for their atomic weight detcrniinations, they heated it first in 
a current of gaseous hydroehlorie acid and then replaced tins by nitrogen. 
VMicn the product was cooled, a clear glassy solid was at lirst formed, 
but this soon became llecked with white spots which increased until 
they, covered the whole surface. They were eanseW by the shattering 
t)f the glassy chloride as it eryslallised. smnetimes almost e\pIosiv(‘ly, 



so 100 ISO 200 250 300 

Patts ofCaCI^ iter 100 paits of water 
Kia. 1. — K(|iiilibiia in the sv'^lom, ciitoium (libindc' water 


at a lower temperature. The transition could be preventiMl l)y heatiiij 
for a long time in nitrogen. The authors eonehuled that either trace 
of hydroehlorie acid dissolved m the fused salt hastened (M vstalhsatiuii 
or that traces of alkali formed hv long ignition ni nitrogen retardctl it 
Tlie change was aeeompanied bv eonsiderahle increase m \olume, hn 
the density w as not determined. 

The IIf/drate,s of Calcium Chloride, -('aleium chloride forms fou 
hydrates containing (>, t, *i, and 1 molecules (^f w^ater of erystallisatioi 
respectively.’’ The behaviour of the system, ealeium chloride : watei 
under varying eonditions of temperature and concentration, was firs 
e^tplained by Roozehooni ^ from the point of view of the phase rule. 

In tig. 1 the temperatures of saturation with respect to tlie differen 

* Berfchelot iuid llosvaj, Ami (him. Phys., 1883, [5], ^9, 295 

* liicharUs and Honigaohniid. J. Amer. Chem. Soc., 1911, 33 , 28. 

® Miiller-Erzbach, Bn., |88fi, 19, 127; Ijcsccpiir, Com pi tend,, 1881, 92, 11 i»n ; ov* 
1881, [2], 36, 2. 

i.'ftT 4 ®oo2eboom, Zeitsch. phi/Kiinl ('hem., 1889, 4, 31. 
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solid plinsos aro ])loittod against the eoneeid rations of the saturated 
solutions. reja'esents the freezinp-poiid of juire water. The addition 
of ealeiiini chlorifle lowers the fre('zin»-poiMl until tin* point H is reaehed. 
The line AH represents the l(nnperatures of e(|iiilil)riuin hetw'een iec 
and solution I'or eoneentrations less than that of point H. Ou further 
addition of ealemni ehloiide the free/,inf»-point hefjins to rise a^aiii, 
hid now the solid |)lias<‘ in eontaet with the solution is ealeiinn ehloridc 
he\ah\ (liat<‘, (’a('l and the (‘onditions of e(piilih!ium are repre- 

si'ided hv the eur\e HI). It is eustoniarv to deseribe this as the' sohi- 
hilitv eni\e ratlier than the rreezinjr-junnt eurve of the hexahydiate. 
H is a |)oint on Loth (“iirves, and then'lore r(‘presents the tinnperatnre at 
w'liieh Loth lee and the hi'xahvdrate an* in etpiilihrinin w'itli the solu- 
tion It IS, in fact, a euteetie |)oint, or, as tiu* partieuiar ease of lee in 
eontaet with a salt, the ervoh\drie point of th(' svsteni.^ 

'rh(‘ follow 111 /^ \ allies ha\e hei'ii ‘^nen lor th(‘ temperature and eon- 
eentialion of the solution at point H 


Ti'iii|(. (' 

(inline |H‘i 

1(10 yi.itns Widci 

Autlidiitt 

.■) 1 t) 

ealeiilaled 
1*2 0 ,, 

)■ (rom i>i\ en 

J data 

A llammerl, Sihintffshrt K. .11, ad 

> H /.ss. ir/eo. 1(S7.S. 78, ,V) 


J Hiekermg, Ho ISDd 26, ‘27(>)) 

ol 

1 

Hodebush. ./ linn, ('linn Sor . 



lt)l.S 40, 1*201 


'riie nioleeiilar loweriuo of the free/mn -point of water 1)\ eal< luin 
ehloridc' deerc'ases until a eoneentiatiou of alioiit 0 1 normal is reaehed, 
aft(‘r winch it inei eases with eoneentiatiou The liist ehan^a- is prohahK 
due to (hminishin^ ionisation of tiu' salt, and tin* second to hydrate 
formation in solution “ 

I^normjr for tlie present the eiirvi' (iH, it ma\ h(‘ sc'cn that HI) 
passes through a maximum at point AI, wheie the compositions of the 
solid and Ixjuid jihases are ideutieal. A1 tlunefore represi'iils the 
meltin^-pomt of ealeiiim chloride hexahydrate. Such a jioint is eall(‘d 
a “ eonjitnient meltin^r-pomt.” The temperature at point M has been 
detcTiiimed by .se\ eral investigators whose results are tabulated l»elow • 


MoHiim-point, 

0 

Autbonlv 

30 2 
•20 M 
•20 .■) 

Hoozeboom (ISSO), lor nt 

Hiekermg (1803), lor n1. 

Lubarski, V, Huns. Pliif.s Clinn. Sor., 1800. 28, fOO 

*20 0*2 

Lidlniiw . Zed.se/i phijsiLal. Chnn.. 100*2.39, l-.Vi 

•2t) tS 

LiMiigstone. Mijrgau, and Henson, Zntsrii. anoiff. ('linn.. 


1007, 55, *201. ’ 


|| Set* Vol. J., |). 115 

“ Inc nt , l’n?isi)t, ('niiipf >end., I8t)ii. I2Z, fil)S ; clones and (.'hambers, 

AtM) ('lion ./ , IS)(MI, 23, HI) , 

Kiiiiil.i} , The Phioc ftiile (Lonmuans, Clieen \ ( 'n ), ltd 1, p 4!) 
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Between M and I) tlie liquid is richer in ealciuin eliUiride than the 
solid. D IS a second eutectic at \vhi(‘h a lelrahydrate be^rins to 
separate out, and the cur\e I)F is the solululity or freezinj^-point curve 
for this compound. Al 1) tin* eom|)osiiion of the solution is 112-8 
parts oC calcium cliloridc to 100 ol water. More or less parallel to 1)F 
IS a second curve CH, which also lepK-si-nls llu- solubility euivi- of a 
tetra hydrate, so that there must be tw'O inodilications of the letrn- 
hydiate, an a- and a j8-foiin. These were lirv.t distinguished by 
Boozebooin. The j3-form. separatm;^ alon«; 1)F, is more solubh- than 
the a-coin])Oiind, and is, theiefore, a metastablc hydrate. By inoeu- 
latmg a solution, of which the tem|)eialure and pressure are gnen by 
any jiomt inside the region C'B FI), w ith a minute crystal of a-('a('K. tl LO, 
the latter will begin to sepaialc out until the temperature and com- 
position of the remaining solution eoiresjiond to a jioint on the curve (Ml. 
The uieltmg-poml of the he\ah\dratt- is, therefore, in a nu-tastable 
legion, and represents a ease of sus))i‘nded t lansforniation, illustrating 
the general tendency of a system to pass through an uuslabh' phase 
before reac-hmg a slate of stable (‘(pnlii)i luni. Fuller stable eonilitions 
tlie u-tetrahydrate would begin to separate when the eomposilion had 
reaehed lOO-f! paits of ealeumi ehlonde pei 100 paits ol water, and when 
the temperature was still a little undi'r the melting-point ol thi' he\a- 
livdiate. 

Supersatmalion of both the a- and /^-letrah\ (Irate solutions can bo 
obtained I'lii- solubilit\ eiiive of the a-eonipound uia\ be e\l ended 
to point (J, when' the eoneeiitiation ol lh(' liquid phase is 01 gnu. of 
ealeumi eliloriih' per 100 grin of water al 2(F (' , and the /?-eur\(' to F, 
eoneentralioii 101 5 grin, at 20’ F, In eillui ease moeiil.ition ol the 
solution with the liexaliNdiate eaus('s rapid si'jiaiation ol thi' latli'r 

At B and F, that is at tempeiatniTS |..> .T and 38- 1° ('., and solu- 
bilities 1J10 2 and 127 5 iespeeti\ ely, tin a- and /J-tetrahydrat(‘s aic in 
('(luilibiumi with the dili\diale of W'liieh the solubility curve is lepro- 
si'uti'd bv FL At a teiupeiatiire of 17.5 5' (’ , and solubility 207 gnu. 
of ealeiiiiu ehlonde per 100 gnu. ol water, the monohydrati' ajipi'ars, 
but the sohibiht\ eur\e of the anhydrous salt does not begin until a 
teiiijH-iature of over 20(F (’. is ri ached. 

The vapour |)ressiues at the dillerent transilion-pomis are as 


follows ‘ . 

- 






( 'ompo'siiiou ol l*liaM‘s 


'romp , 

“ (' 

OlCSSUIO, 

mm llix 

Solid 

St iluiitm 

\ rtjiDiir 

- .'55 

U 

J(c. CiiCl.alLu 

O’aCI, 11 51 1.0 

11,0 

-1- 20 2 

5 07 

('.iCl, 011,0, /M'aCI, 111,0 
(’aCn'ldbO. «-('aC], 411,0 

('aa,-5 4!il,0 


+ 29 8 

0 80 

C.iCl, 0 10}1,0 


+ 38-4 

7 88 

/i-('aa,4if,0, CaCl, 211,0 

('a(’U 4 8.3H,0 


+ 45 3 

11 77 

a-Cd('L4H,0, (’aCl, 211,0 
(’ii(’l,2ir,0. OaCbH.O 

('.iCl, 4 7311.0 


+ 175 5 

812 

r.i('l, .20711.0 


Near 4 21)0 

' S(•^(‘!al 

I atm (IS 

1 O.if’l, 

near 1 8ll,0 

1 ' 


' H(>o7cl)iK)ni, tf.Hf A phifstkal CAf-m , Hjdt), 4, 42 


.'xhe iohlbihty of calcium chloride is considcral&fy dimihi^Iii^tiy 
^fpre^euce of fiydrochloric acid,^ aiul the transition-points are lowered. ^ 


=1? 

iiiih^bytfi 

pprcseiK'L* oi nyumcinoiic acui,- aim me Traiisirion-poiiltS l__ 
,i'Migrati()n exjKTiments in hydrochloric acid solutions indicate the exist- 
^cnce of complex anions of the type (CaClg),^!!.* 

The following values have been found for the h()iling-]VJints of 
solutions of different eoneentrations* r 

"" '■* *. 1(0.-, 

"(’ 101 lo:} 105 111) 120 130 140 150 IfiO 170 175 178 


The propi'rties of ealeium chloride solutions have also been investi- 
gated from Ihe point of view of density,® free/ing-pomt,‘’ vapour 
pressure,’ speeilie lieat,^ viscosity,'* surface tension,’® electrical conduc- 
tivity,” compressibility,’- and refraetivi* md(‘x.’^ 

Calriutn Chloutk I/^jrahi/dtate, (’at'I^.OlI./), forms hexagonal prisms 
by crystallisation from the saturated solution at ordinary temperatures.” 
Its density at ('. is 1 7182.’’’ The heat of formation of the hydrate 
from the anlivdrous salt and water is 21-7.'5() Cal.” The heat of solution 
is - 4 r)()() Cal. at 17*!)" C.,” oi t-r)r)2 Cal. at 22° C.” The heat of 
fusion IS 11-117 Cal.” 

Tammann studied the effeei of pressure on the melting-point of the 
hexahydrate.-® Ills results are contained in the table on following 
page.' 

Calcium Chloride 7V//'rt%d/Y//e, CaCL. Hl^O. -Lefebvre and llain- 
merl each discovered a tctrahydratc. These wert“ at first con- 
sidered to be identical, since the solubilities were not delei mined. 
Roozeboom distinguished between them. Ilarnmerrs was tli(‘ a-form, 


‘ Kngol, Ann A'hitn Phifu , 1888, lt>|, 13, 370. 

* Milikan, Xeilsrh physikal. Chew., 1917, 92, lUO 
® Ifixori, ./ Chew. Poe , 1922, 122, Al>s 11 , 815 

* (loilai'li, 'Aea»ch anal Gfum . 1887, 26, 420. soo nho Kindcii. II led. Annnlen. 1887, 
[21, 31, 188 

^ Srliift, Annalen, 1859, no, 71 , Jonos un<l (lotinan, Zeilsth pJni'sdal ('hew , 1901, 
49, 400. 

* do .4 mm Chiw. Phifu , 1872, |41, 25, 519, 26, llO, jXtrhomus, Zt^itich. 

K Chew , 1888, 2, 491 ; .loiHss and (lOtnian, loc rii ; Znhrh p/n/.'^tkal Chew, 
,244, Jontss and C*hamb(*i8, ('hew J , 1900, 23, 89 
’ Kinden, AwMfl/f'M, 1887, [2j,3i, 170, liilU, ZeiLtch phynkal , 1902, 40, 185. 


det. 


* PerRon, Ann ('hem. Phi/.i , 1851, [3|, 33, 137 , Mangnac, thifl , 1870, (5|, I 


Wagnai, Zeitsch phi/sikal Chew, 18tHl. 5, 31, Simpori, /Vn/ Matj., 191t. (0|. 27, 
»^lkpr, i6irf., 288; bmdo, Zexl^ch Ele.kftochew , 1923, 29, 103. 

Moltinu'-Vf’'"' Atnuilen, 1887, 30, 545 

uach and (irunciHon, SUzn wj'.hei . K Aktid 11 j Berlin, 1904, 1215, 

Wied Annalen, 1894, 51, 120; Jimes and Cl iambi ax, /or nt , .Iiuu-n and 

phymkal Chew., 1903, 46, 205 . 1904, 49, 400 
'Vied Annalen, 1887, 31, 32 

j'lW. Chew Poc., 1891, 59, 589, Jonoa and (Jetinan, Zeitsch. phijstkal. 


;jo 2 

2!) H 
2!) ,> 
2 !) !)2 
21) tS 


18{j0, [5], 9, 3. 

lildh.k, and DawHon, Zeifteh phipakal. Chew., 1902, 39, 27. 

1,1 \ u\dhtm., 1877, i6, 97, 323 
1 007 

and Dawson, he. ctl. ; Thomson foiuid -4 310 Cal,, 
by Burke (Ijongman.s, Gnx'n & Co.), 1908, p. 50. 


, ’ (Ann. Chtm. Phys., 1849. |3], 27, 261) found 40-7 Rmall 

t .Sc.. V..1. 1 p 1 1., (.,1 grara.m..leculo. 

- I*i(kt'im;f, loc fit , ronsiit, ron ^ ^ko 

C Aviti C'hiw ./ , 1900, 23, 89 \ 084 ' ’ ( 


3 Knuil.ix, The P/we Kale {Lumm\ ^Ylen, 1875. 72, 067. 
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which belongs to the rhombic system. It cnn bo obtained by repeated 
fusion of the hcxaliydrate. Th(‘ unstable j9-lbnn sepnrides in large 
transparent plates on cooling a solution eontaimng moie than one 
nioleenle of calcinm ehlondc to si\ niol(‘enlcs of water. 


I’u III kirm 

1 

1 M» It ini' |)t>ml (' 

I’n ^'lIll‘ III kL'iii 

Ml ItlllU pHlIll. ( ' 

1 

1 20 70 

2000 

.50 .5(i 

,500 

8,5 70 

2.500 

.5.5 11 

1000 

1 10 o.s 

OOOO 

.50 00 

1 .500 

j 1.5 M) 




('dlriiini Chlondv (aCI , 2ll >0, ma\ b(‘ obtaiind b\ the 

addition of h\ drochloric acid to an aipit'oiis solution ol calcniin chloride ’ 
('dlrniin ('hlondr MfUioln/dKdr, (’aCK Iljth 'Nas hist dcscnbi'd by 
Koo/i'booin Vs the \aponr jMcssmc of satnial(‘d <‘alcinni ehlondc 
sohilion, and, 1h<‘i< lbu, of the solid phase, is gicalci than one atnios- 
plnreat 17.5 .V , tin* tiansilion-jioint ol the di- into the mono-livdral(‘, 
it IS cMdcnt that, to obtain the lattci, a liiglK i h\di,it(‘ must bc‘ heated 
nndei jnessnre, otherwise Itu* .inindioiis salt will be obtained. 

Calemin ehloiide is obtained in l.iige (piantilKs as a waste pioduet 
fiom certain iiuhistiial pioeesses, nolabh’ the aninionia-soda proei'ss, 
the VVc'ldoii leeoNcrv pioeess, and the inannlaetme of polassnini 
ehloiate M.in\ jiiDposals lane bei n made for its nlihsation for 
e\ampl(‘, in th(“ mannfailiiiv of peail-hardi'iimg. as a metallmgieal 
lhi\, Ol as a SOUK e ol ehloi me hoi lla^latlc'i pni|)oseit may be heated 
with sand Ol el.n iiiidei \ ai ions eoiidit ions So lai, howe\ er, not miieh 
jiraetieal siieei ss has been attained - It nia\ also be used for th(' |no- 
dnetion of ehloiati' elect i ol\ tieallv.’* 

A lew ininoi uses lune been loimd (dr ealeiiim ehlondc, for instance 
as a refrigeiat ing agent, and, owing to its Ingroseopie nature, for the 
la\ mg of dust 

Additioii ('din poiDids. (‘ah'inni ehlondc forms, with ammonia, four 
dil'leieiit eoiiipoimds m which I nioleenle of I he 't.all is combined wit h 
8, I-, ‘2, and 1 moleenles of anmioma respeetn elv * lliittig has studied 
the dissociation pressnn- of ammonia at ilifl'eient tc'iiipr ratines and the 
heat of formation (dr all these eomponnds ' Similar eompoimds, some- 
times hydrated, are fonned with a number of amino-eompounds for 
example, with |)henyllivdia/.me ’ and aniline,'’ with acetamide,' with 
thioearbamide,^ with eaibamide and asparagine,'' and with a-ammo-aeids 

' ('uiiij)t inif( , 1S8I, 92 , 211 !, Ann ('linn I’lnf^ , 1881, |r«|, 22 , 5.58 

^ lairifji', 8id[>hun< Acid nnd Allnlt ((.'iioifv .iiid .lacksun), 18U.5, vdI 11 , ]) 43(1; 
189(i, \<»1 111 , 1)]) 124, 3.50, .5.S4 • 

^ S(i(! (’alfuiin Clilorato, ji. 47 

* Jlutlig, Zul'^rli anmq Chnn , 1922, 123 , 31 Scr* alM. iMiintic-it, Coniiil tend, 
1878. 86 , 908 , lloso, Ann C'/nnt Phil- , I 8 .l(), 12], 62 , 31.5 
' (Ainipf nnd , 1898, 127 , 722 

® Tonilu'ok. Ann (Jhnn J^hii'i , 1900, [7!, 21 , 383 

’’ Mcnsc'liutkin, ■/ Ku-s Phi/.'i ('hem Sor , 1908, 40, K1.5; Rusnct/ull. ihid , 1909. 
41. 379, 

" Hosenhcira and Moyer, j?ei/Wi anorg <^ 1011 , 1000, 49, 13 

® Okuda and Kii]iwakiv, J. Tukijo Chem »Vof., 1919, 40, 404, soe ./, Cham. Sot , 1920, 
,ji8, Abs. 1 , 1.50 
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polypeptides.' It has been suggested that the cdmpouild wilKl 
! (‘arbamide, CaCllg. tCO(NH 2 ) 2 , which is stable in air and soluble in water>. 
and hns a melting-point of 158® IfiO® C., might be of value in sub- 
cutaneous injections for hay fever and asthma.- 

(’alciuni chloride forms addition compouruls with tlic. alcohols. 
On evaporating a soluhon m ethyl alcohol at a low temperature rect- 
angular ])lates of ‘it’aClg-TCaHsOlI arc deposited. The eoinpoimds 
CaC’la-Sf'a^^sOII^ CaCla-OIIaOIl^ have also been sejmrated, us well 
as a mono- and a di-aeetone compound,'^ and compounds with isobutyl 
and amyl alcohols.-^ 

Antonow obtained a number of addition compounds with hvdroxyl- 
amme,« 2( ang.aNTIaOH.dll ,0, ‘>t’a('l2.5NH20n. Hl 20 , Cat’la.-iNHgOH. 
21120, t'aCl2.2Nll20n.IJ.A ( at'l . 2N11..0II, U'a( l2.NH„01I.2()H20, 
andOiC'l2.;iNIl20Jl.lI('l. “ 

Double Salh'.-- Calcium chloride forms a number of double salts 
with other ehloridi's. A list is given below 


Salt 

ll<'ni.uK.s 

Authority 

4Na<'l.('a('l,, 

Not Reparatwl K\iHt- 

Heitholot and llosvav. ,ln/i 


(Mico supposed fioni 

(’him Phif'f , 1HS3. I.")!, 29, 


heat ot solution of 
nii\<Hl salts 

20.O 

KCI.(^>Ch . 

Melting-|)omt, "ol C 

Mciige, Ztiisih anon/ ('hrtii ^ 


ION. 72, 102 

Moldenhaui'i and Aiuh'iM'n, 

Melting-point, 740' C 


ZviUsch EUlhorfu m , 1013, 
19, IN 


2 K Cl Cad, 


neilhelot and llos\av, lo( nt. 

2KC1.3Ca(% 

Melting- point, 72.V' C 

Jiunlsbcrrv and J^igc, J Soc 


('hem ind , 1020, 39, 37T. 

2CsCI.(^a('h. 

Sloiiflcr colourless 

•lainieson, Amer. J Sci , 1017, 


piihtns 

14 1. 43. 

Ca(’l,,Had, 

Moltmg-point, 031® C. 

Scluu'for, Jahrb Minn, 1014, 

1, 1.') 

Sehaofer, ihid , 1010, Beil Bd , 

CaCl, BaClj SrC’lj. 

Mclting-pomt, OOO® (’ 

43. 

Kphiaim and Model, Zeilach, 
anonj Chem , 1910, 67, 379. 
(iowockc, Annnlen, 1009, 366, 

CaChZn(’45r)lIj() \ 

2CaCl2 ZiiClj OJI^O . / 
2Tl('la.CaCl, GH,() 

}lvgro.soo])ic crystals. 
JiUigo colourless 

ei vstals 

217. 

PbCl4 lOCaCd, . 

Bec-oinposed in dilute 

Nickle.s, Ann Chim. Phya„ 


solution, forinmg 

1867, [41, 10, 32,3. 


I’bOa 

/'Bonsdorff, Pogg. Annahn, 1829, 

0HgCl,.CaCl,.aBjO . 
2Hg(^hCaCla6H,0 

Decomposed by water 
T)ol]<{ue8Ccnt 

1 17.122. 

] Vurct, Cmnpt. rend , 1896, 123, 

1 421 

2CdCl,.CaCl3 . . \ 

20iiCl, CaClj . . / 


Varet, loc. cil. 

CaCla..SnCU.6H30 

f'olourless deliquescent 

Topsoc, Jahresber., 1874, 180. 

rhoinbohedra. 

CaCh SSeOrij . 


Wise, J. Amer. Chem. 80 c., 



1923, 45, 1233. 


'-^,1 * Pfeiffer and von Modelaki, Zcitsch. pltyswl. Chetn., 1912, 8i, 329 ; 1913, 85, 1. 

■ KnoU & Co , Uerman P&tont, 300809 (1918) ; from Chem. Zentr., 1918, n , 420. ' 
,(F • Heindl, Monatah., 1881, 2, 200. 

. * Menschutkin, he. cit. 

I’ * Bagster, Traiut. Chem. Soc., 1917, ill, 494, * 

J - • Antonow, J. Urns, Phys. Chem. iSoc., 190C, 37, 476. 





^ :yi|' 

;«iV^'*rnh'r' ■,'■*■"/, t; 

The Systems CaClg r KCl : HjO and CaCl^ : MgCl^ : riju nave beeiV 
studleci at 25® C.^ 

4 double compound of memirie ovanido and caleiiim chloride, 
2lIg(CN)2.CaCl2.6ir>0, is known.- The appearance and gradual 
increase in quantity of the cyanide ion in the solution on wann- 
ing leads to the eonelusion tliat transCormalion to the eom|)ound 
Hg(CN),.Ca(CN).2.1IgCl2, takes place. 

Calcium Perchloride. — At low teinperatuies* chlorine is inorc 
soluble in caleuini chloride solution than in pun* water, which may 
indicate the formation of a perchloride •* Diderminations of the 
frcc7ang-])oint lowering produced by ehlorine m alkaline earth chloride 
solutions lead lo the same conclusions.' No solid perchlondes of 1h(‘ 
iilkaline earths have been obtained. 

CALCIUM AxND UUOMINE. 

Calcium Bromide, CaBr.^. Calcium mil combine directly with 
bromine vapour at red heat to produce calcium bromide.’'' The heat 
of formation is 1(5!) *2 Cal.*' The salt may also be obtained by the 
action of bromiiu' and a reducing agent, for example iron lilings or 
phosphorus,’ on calcium carbonate or hydroxide lu the presence of water, 
or by the action of bromine on lime at red heat.'* 

It IS most eoiuemcntly prepared, however, bv the neutralisation 
of hydrobroime acid by ealemm carbonate. In order to obtain the 
anhydrous salt in a state of |)uritv, it must be fused in an atmosphere 
of hjdrogen and hydrobroime acid to pre\ent the jiarlial decomposition 
of the salt by water, and tlicn, after removal of Ihese gases by nitrogiai 
at too® C.. it must be cooled m an atmosjihere of nitrogen.*’ The result- 
ing product IS a \\hitc solid of density 8*058 at 2.7' 

Calcium bromide melts at 7(50® and sublimes at T'iO'"’ C.'- 
Like th(‘ cliloridc tlie bromide is hvgroseopie, and may be u.scd as a 
drying agent. It may c^en be a little more cllieient for this purpose 
than the former.''' 

Calcium bromide is very soluble m water, the heat of solution being 
21*51 C'al.'^ The following values have liecn fouml for the solubility 
at different temperatures : - 

Temperature, ®C. . - 22 -II -7 -(5 [8 ] U -Ml +520 50 

Grams CaBr, 111 100 52*5 r>2’(> r>2 (; 58*1 55*1 55*7 57*1 02*6 

grams* solution / 

* Lee anil Kgeitim, Ttaii't Chun Hoc , 123, 70(1 

® Vaiet, Ctmpt rend , 1895. I2i, 348 

» (toodwm, Ber., 1882, 15, .3039. 

* Moyer, iln Me/? unorg Chem , 1902,30, 115. 

* MoLssan, ..In?? Chim. Vhys , 1899, [7], 18, 289. 

* do Forcrand, ibid., 1911, fsj, 24, 2.5(5. 

Klein, Annalen, 18ti3, 128, 237 

- » Balard, Ann. Chim Phya., 182(5. [2]. 32, 337 
■ Richards and Honigsohmid, J Ainef. Vhetn Soc , 1910, 32, 1577. 

Ruff and Plato found a density of 3 4 at 20" (’ . B^r . 1902, 35, 3612. 

» Ruff and Plato, Ber., 1902, 35, 3616 ; 1903, 36, 23.57 ^cllnor Onds 730“ C„ Zeilach. 

Chem., 1917, 99, 137. 

jp Stock and Heynemann, Ber , 1909, 42, 4088, 
ar Baxter and Warren, J. Amer. Chem. Soc., 1911, 33, 340. 

K Uhomsen, J. prakt. Chem., 1877, [2], 16, 323 ; de Fun-rand, loc cit 
Ch^m. Phya., 1894, [7J, 2, 603 



THE ALKALINE EARTH METALS. 


The Hydrates of Calcium Bromide Iinve been stxidied by no means so . 
carefully as those of the ehloridc'. A hexahydrate, CaBr^.filljO, crystal- 
lises at tile ordiiiaiA teni])cratiii<‘ and inelK t\\ Its boiling-point 

IS 'Hie heat of lornialioii of the hexahydrate from the 

anln (Irons sail is 2, ■)■()() ('ah, and the heat of solution is 1 -OttO Cal.-^ 

Aeeordmg to C'nrtinann,’ the trihvdralc, ('aHr^.tilLO, is the salt 
most frc'ipienlK met. It eiystallises in bright eoloiirlcss needles, is 
xery hvgr()seopie,*nu‘lls at SO'' and diss(d\es in water and aleohol. 
Its behaMour also points to the possible existence of a eomjxaind. 
‘2('alb , 511,0, at ISO'^ ISh (’. 

'riie existence of other hydrates has been re|)oitcd. Ixusnet/off ’ 
prepared the tctraliydrate, tallr,. Ill/), transition lein|)(‘iatur(' from 
the hexahydrate* 55' C., and, later, by hot eeiitnfugmi*, he obtained a 
dih\ (Irate, (’allr^.'JlI/).'’ 

(hiaresehi ’ stated that hydrates, containing (>, 5, h .‘h lA, I, and ( 
nioleeiiles of water ivspeetiN cly, can be obtained by keeinng the bromide 
under varying eondilions of leanperatiire and pressure* of wate'r vapour 
until constant weight is attained 

Addition Compounds. Caleiuin bionude unites direetU with 
ainmoma. Four eouipounds aie known, CaHr^SMlI,, ('al)m (IXII.,, 
C'anr.j.2NlI „ and Calb’j.Nllj 'riu* heats of Ibiiiialion and Hie' disso- 
ciation pressuHs have been studieeP Like ealeium ehloiide' it also 
combines with aniline,'' with earbauiiele and as|)araguu‘,"' and with 
pheuylhydra/ine.’‘ 

C'alemm bromide dissolves leadily in absolute* aleohol, and from the' 
solution tabular rhombieerN slats may be obtained hav mg the (‘omposilion 
('alb’„..‘t('jn,,()ll.'- Theeomjjenmel is hvgioseopie and is deeompose'd by 
lie-at with the foimation of lime, hydrobroinie aeid, and ethvl bionude. 

Donhle Salts A double bromide ol ealeium and manganese', forming 
])ink er\ stals of eom|)ositieui CaHr^ MiiBr^. HI >0, has be'en deseribe'd." 
('aleuim bromide also combines with mei curie evanide to give* I hi* eoin- 
poiiud 2llg(('N)o.('aHr^.7ll2(). The heal of formation liom the two 
solid salts and lieimd walei is K) 1-7 ('al.“ \ double liionude of ineiemy 

and ealeium, llgBr.^.CaHr^, apparentl\ existing in two lorins, has been 
dcseiibed.^' 

Freezing-point curves of mixtures of calcium broimde with sodium 
bromide and with jiotassium bromide indicate the exislinee* of the 
compounds 2C’aHr2.NaBr, and Caljr^.KHr.^" 

' liicliants aiul Jloiiijf*^t*lum(l. </.'•(// nuunj , IS<)S i8, IJSit 

- 1.111)41^10,../ //».« /’/))/*> ('him .S'of . 1 StM), 28 , H*(l 
® Thom-seii, ./. pinkt (.'hem , 1877, 16 , 1)7, :{23 
‘ (’iiitTiiiinn, J. Aine). Soi , 18J)1, 16 , 021. 

■ Kioiiet/.i)ti, ./ tins'! rhj/'i. (tlion fioi , 1909,41, 307 
® Ku.'iiictz.nit, Chi'tik Zuit) , 191.1, 1 , 70.) 

" (auiu-sehi. Atli n An ad, Sn To) mo, 1913. 48, 929 

® liuttij;, anunj Ohein , 1922,123,31 Set eilso llaininolsborg, /’«[/(/ Afinalen, 

1842, 55, 239 

'* Tunibock, .1)01 C'hmi. Thifs , lOOU, |71, 21, 38.1 

Ukuel.i aiiel Fiijiwaka, Tobfo ('hvm Son, 1919. 40, 404, .see J. Cheni Soc , 1920, 

1 18, Abs 1 , 1.^)0. 

" Moites.'^ier, Cuaipl !e)id, 1898, 127, 722 
g Ro^IUom, J Ptmrm Chun , 1895, [OJ, i, 301 

Rl)htaiin Jind Mudd, Zeilsrh anorij Chern , 1910, 67, 370. 

“ \ arot, ('o))ipl iu)d. 189.>. 121,398 
' 1'’ Ronsdorir, Pogg Annakn, 1830, 19, 342 
1® Kellner, Zetlsch, anorg. Chevi., 1917, 99, 137. 
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tlalcium Perbromfde.--Ac(*ording to Her/ and Bulla/ variations 
with concentration, of the distrihution eocllicicnt of bronnne hetween 


calcium hromidc solution aiul earhon lelraeiilorule, indicate the ('\ist('neo 
ol' addition eomjiounds of hioinine and ealeium hniinide. Assuming I hat 
only the ^leiial)iomi(l(', CaBi „ is formed, the dissociation eonslaiiL at 


hi'omide when the eoneenliations ari* nieasiiri'd fii gt: m-mol<‘eiiles 
jicr litre. 


It has also heeii stated that, hv warming ealeium hromidi wilii oiu* 


moleeiil.ir-e<|ni\aleiit of hromme, a leddisli-hiown ln(iliil, wliieii di-posits 
deep led eivstals, is obtained. Tliesi^ eivstals los(‘ biomnie \apoiir 
\(‘iy lapidlv and gi\(‘ white ealeium hiomide.‘ 


CAIAIUM AND lODINK. 

Calcium Subiodide, Cal or Ca.I^.' Wohler and Boihwald,''^ 

ajiplvmg to the production of tiu’ siibuKlidi- the mi thud alicady (!<•- 

scribed under the sublluoruh' and th(‘ subehloi ide, he.it<(l together 

atomic pioportions of caliium and iodine iii ,i stc<‘l lube at SOO 

^\ Ik'II the ))i odiK'l was rapidly cooled m sola I eai boikdioxidi' aiid uaslusi 
with cat bon disulphide, brown hvgioseojae eixstals weie obtained. 
Slow cooling icsulled m (he formation ol a mixture of calcium iodide and 
metallic calcium. 

Calcium Iodide, Cal,. Molten ealeium will eoinbuu' diieclK with 
iodine vapour to loim llu iodide'’ '!'li(‘ heat of loimalion is 1 1 1 0 Cal ’ 
The salt ma\ be inepared bs the a< t ion of In ili lodn- acid on him' oi |)uie 
inai ble, or, instead ol the aeid. lodme and a reducing agent nia\ lx- used 
loi (‘xample, iron lilmgs oi phosphoi us It can also be oblanmd by 
rcduclioii ol ealeium sulphate to sulphide with caibon and adddion 
ol iodine lo the aipieous cxlra<‘t until lIu' eoloiii pcisisis'' 'I’o obtain 
the salt 111 the aidi\ (Irons state it must be diicd m a current of dry 
Indrogcn."’ \Vhcn healed in an it gives up all its kkIiik* and IIk' oxide 

IS left.'* 

'riu densitv ol the lused salt is .*{ ttai; al ‘Ja C 'I'he ini'll ni<>-|>oiid 
IS 7 to C." 

Calcium iodid(‘ is \er\ hvgioseopie and dissolves m water and 
ideoliol. 'The heat ol solution m water is 2.S Hi Cal.“ 

' tlci> liiilla, /r itiifiiif ('him, I'M I, 71, 

~ Llccah iilalt cl belli llei/ <iiiil Oiilla -> il.il.i 
' Mevti. Zcihflt nunri} ('him , 15X12, 30, 1 1.1 
Koe Caleiiiiii yiililliiDiidi', p 24 

VVolik'i’ liiid Kodew.itd Znl'ih ininii/ Ch- m ISIUM, 6l, "»1 
.MoisHHii, Ann (.'him, Pfup , IS‘19, |7J, 18, 2K51 

(le I'oRiand, ihid , MMl. jHj, 24, 2.'ili , 141 .'iCdl lu (f>rdiii|r le (bml/aiid Oa.^tdt, 
f/j/ raid., lUll.j, 140, 808 
Liobig, Avnalai, 1802, 12I, 222 

Li(\s- Bodfirt .111(1 .lohin, Ann (Jhiia l*hi/.'> , IH.IS, |‘{|, 54, !U»3 
Moissan, i«( iil (toetnoU*) 

Scluilt/.(>, ./ praki dhan , 1880,121,21, Mil 

Baxter iiiid Hunk. ■/ \mn ('han -S'oc , 11)08, 30, lb ,* Butt .ind I’laht bnmd 1 !) at 
iO" ('., Vie/ , 1902, 35, 3012 
** Hull and Blat(}, lirr , 190.1, 36, 2.1,')7 

de Forcrand, Compt. tend., 1911, 152, 27 , 'riiniiiseji fmmd 27 7 Cal.. J pmli (’hem . 
1877, (21. 16. 323. * 




■i' f'JjtkrS found ' the following values f6r the" solubility ' at^’differStij 
bebiperatures ^ : — 

remperatnro, “ ('. - 22 -f 7 1-10 -f-19 4 51 f 64. +130 +248 

Grams Ciilg in 10()\ (.^..3 ^9.4, .-5.9 sj.g fi7.i 

grains solution J 

The Ih/drntes uf Calcium Iodide. The deliquescent nature of the 
hydrated salt lias Jed to some doubt as to the exact eoniiiosition of the 
hy (Irate stalile at tlie ordinary temperature. Tiassilly gave the formula 
Cal2.8H204 but it is generally eonsidered to be a hexahydrate. It 
crystallises 111 long delnpieseent needles which melt at 12° forming 8 
lower hydrate.'^ In this eonneetion it might be noted tliat Kremen 
observed a break m the solubility curve between 40° and 13° C., in- 
[heating a transit ion-}U)mt,^ The boiling-point of the hexahydrate 
is about 160° It dissolve's m water with the evolution of l-73( 

Cal.- 

Kusiu't/off mentions a tetrahydrate, Calg-lHgO, transition teni 
peratnre 65° C'., and also a heptahvdrate, talo.Tll./), wliieh passe? 
into the hexahydrate between 1° and 1 2° C.’ 

A trihydrate, ('al2.3lI,C), nu'ltnig bedow 100° C., has also beei 
.lesenbcd.’^ 

Addiiioti Cowponuds. -Addition eomjxmnds, eontammg 1, 2, b ant 
6 molecules of ammonia respectively, are knowm. The lu'xammomf 
compound exerts a dissociation pressure of 50 mm. at 06° ('., and the 
heat of formation from ammonia and calcium iodide is 13*63 Cal.' 


Aeeordmg to Iluttig, however, the ammonia ‘ ('om])onnds (‘ontaii 
1, 2, 6, and 8 moleenles ol ammonia per molecule of ealenim iodide.'** 
Like the chloride and bromide, calcium iodide also forms atlditioi 
compounds with various orgame derivaliv'cs of ammonia. Tombeel- 
combined it with aniline, and Oknda and Fujiwaka with carbamide ant 
asparagine." Spitz " also obtained a compound with eaibainidt* as wel 
as compounds with glycine, ghevl glycine, and alanine. 

Double Salts. - Several double iodides of ealeinm and merenry hav< 
been described; for example, Cal^.Ilgla-^Il.^O, Cal2.5llgl2.8ll20, ant 
SCala.lHgf 2-241120.'*' The first dissolves in water and many organii 
solvents without decomposition, but the others are readily deeomposet 
by many solvents with the separation of mereurie iodide. 

With /ine iodide the compound Cal2.Znl2.8ll2() has been (obtained,' 
and with leatl the salt Cal2.2Pbl2.7ll20.‘'^ 

Periodides of Calcium. - By the sptnitaneous decompositio.n of th( 
double iodide of lead and calcium when left in contact with its saturatet 


» Eturd, /1«H Chim Fhys . 18‘N, |7|. 2, THW 

* Tawsilly, Compt rend,, 1S9(), 122, 82 

•' Lubarski, ./. Jiujut Phys. Chrm Sod., 18UH, 28, 4tK> 

* Kremers, Fogy, Anrudfn, 1858, 103, 05. 

“ Lubiirski, loc. cit. ' 

« TaHBilly, Ann Chim. Phyl, 1899, [71, 17, 118 
^ Kusnetzotf, J Russ. Phys, Vhem Soc , 1909, 41, 307. 

® Curtmann, J. Amer Chem. Soc,, 1894, i6, 021. 

* Biltz, Zeitsek. EUktrochm., 1920, 26, 374. 

HOttig, Zeitsch. anorg. Chem , 1922, 123, 31. 

8oe Addition Compounds of (’akuum Chloride, p. 33. 

Spitz, Chem Zentr., 1920, u, 001. 

Duboin, Compt. rend , 1906, 142, 395, 573 
^ “ Ephraim and Model, Zeitsch. anorg Chnn , 1910, 67, 379. 
w Mosnier, Ann. Chim. Phys., 1807, [71, 12, 374; Compt rend., 1895, I20, 


Wi[e6&^: V. 

I^P^iiisiiotuflon, red ciystols are obtained, corresponding in composition 
to a tri-iodide, Calg.lSHoO.^ 

By fusing together at 70° -80° ('. an equi molecular mixture of (“alcium 
iodide and iodine, a black melt is obtained which givc.s crystals with a 
greenish bistre when cooled.- Even at 100° C. there is practically no 
pressure of iodine vapour, which sei'ins to justify the assumption that a 
compound, calcium tetraiodide, Cal,, has been formed. By fusing with 
2, 3, and t molecules of iodine, crystalline masses are obtained of com- 
position Cal^, Cal^, and Cal,,, respectn ely, and similar ui apjiearanci’ to 
the tetraiodide. Tliese also have a very small iodine vapour pressure. 

The existence of a tetraiodide m aipieous solution is conlirmcd by 
freezing-point determinations.-^ The loweimg is, in fact, somewhat less 
than for an equivalent quantity of iodide, which would indicate citluT 
that the degree of diss<iciatioii or the degree of hydralion of the tetra- 
lodide IS less than th<it of the iodide. 8-0(J2 grams of iodine dissolve 
111 100 c.c. of a 10 per cent, solution of calcium iodide at 13-.5''’ C. Carbon 
bisulphide or chloroform will remove iodine from either the solid or the 
solution. The dissociation constant of the poly-iodides of calcium has 
been delerniincd by (inding the distribution of iodine betw'cen carbon 
tetrachloride and aipieoiis solutions of calcium iodide.^ The dissociation 
constant is much Ic.ss than m the case of the liromidc and tends to 
flimimsh with iiK'rcasmg (piantitics of iodine. For an ajiproximatcly 

molar solution of calcium iodide, the \aluc of “k,” the dissocia- 
tion constant of the tetraiodide, is in the neighbourhood of 0 OObH 
at 2.5° ('., when all the conccntratious arc expressed m gram-molciailrs 
per litre.'^ 

Mixed Halides of Calcium. Defacqz'* obtained se\eral iiiixed 
halide com)ioimds of the alkaline earths. .Among them were calcium 
(luorochloridc, CaF^.C'aCI.^, dcnsit> 3 07; calcium llnorobromide, 
C'aFj.C’aBra, dcnsits 315; and calcium lluoro-iodidc, t'aFg*^ 
latter is a deliquescent substance which was not obtained m a pure 
state. The (luorochloridc is not stable at its melting-point.'’ 

Mixed Perhalides of Calcium. Iodine dissohcs mori* readily in 
solutions of calcium (‘hloride, bromide, and uididc than m pure w-atcr, 
probably due to the formation of [icrhalogcn compounds m solution.’ 



10 ]K'I 

1 ront. hulutioii oj 

Solvont \V.Ui‘i 




CaC], 

( 'a Bi-j, ( 'a 1 j 

Temperature, ° ('. . Ordinary temp. 

18-5 

13-5 13-5 

Grams iodine per 100 



c.c. of solution. . 0 0142 

0fi78 

0-274 8002 


^ Mofiiuer, he. at 

? Moyop, Znlach. amn/. Chem., 111(12, 30, 113. 

' Herz and Bulla, ibtd , 1911, 71 , 254. 

* Reoalculatwl from and Bulla’s data ( 'alcuini IVi bromide. 

.*'Defac({z, Ann. Vhim. Phys , 1904, [8), i, 337, sw alwo Poideuo, ibid,, 1894, 17J, 2, 24. 
'A Plato, Zettsch. anorg. Chftn., 1907, 58, 383. ' 

Zettach^physikal. Ghetn., 1902, 30, 113. 
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It will be iiolieed tliat the teiulcney to polyhalidc formation is by 
far the greatest in tli{‘ ease of the iodide. Hroniiiie is also taken np in 
con.siderable (jiianhty. 

Deterininations of tlu* free/iMj»-poiiil l<)werin^ in .niiicous solutions 
seem to indicate the possibility of the formation ol the compound 

Cal^rjo- 


OXYJIAT.OCiKX DKIUVATTVES OF CAUIILM. 

Calcium Oxychloride. -On (iisin^ ealemm chloride in moisl air it 
becomes liasie, due lo the^ formalion of an o\\sall, CaCl.^.C'aO.^ On pro- 
lon^^ed heating d lornis eal(‘iiim oxide. WhiMi ealeiiiin ehloiide solution 
is lioiled with slaked lime and the lupiid lilleri'd, white needle-sliaped 
crystals of ealeium o\\eliloiide si jiarate out. Tlu'si* are stabh* out of 
eoutaet with air, lose pait of their water of ei yslalhsal ion ov( r sulphurie 
acid, absoi 1) eai lion dioxide fioiii the air, and are decomposed l)\ watei and 
alcohol. Various forinul.i ha\ e b(‘en /ti\ en to t he compound, for exaiiijile : 
.•KaO.C aCl^.irill^O,*^ 2('a0.Ca(’lj..l.>II,0.^ ;U’aO.( aCl ,.l III/).’ and 
iK’aO.t'aCly 1(511/).'' 'I'he formula of tin* |>artiall\ ileludrati'd salt 
has lieen aiveii as CaCIo dCaO.Ull/), ’ and also as CaCl, 'iCaO H/) 
Sehreincinakers and Ins eolleaaues,'^ howe\er, ha\e eaiefulls studied 
th(‘ system, VaO ; C'aC’l.^ ; 11/), uiuh'r var\inji conditions ol tempeiatuie 
and eoneentratioii, and their lesults mdieati* th<‘ (‘xisleiiee of the 
following eompouiids: at 10" and ‘J.T (’.. Cat’l .'iC’aO Kill ,() and 
CaClj.t'aO.'ill/J; at 50' ('., C'aC’l^.C a().2ll/) and’ CaCl., ('a()“;ill/) ; 
and also C’at’L iCaO.l III/). 

An owehloride of lead and <*aleinm, 2Pb() ('a(’L.( aO, is obtaiiu'd 
by dissoh m}r lead oxide in boiling ealeium chloride solution'^ Hv the 
action ol a solution of ealeium eliloridi* on mereuiie oxide a eoiiipoimd 
(aC'lj.^ll^rO III/) IS formed.'' 

Calcium Hypochlorite, Ca(OCl)^ 4H^O, may be obtained in 
feather-lik(' crystals hx free/mf» a solution ol bleaelim^> jiowder and 
earefully thawing the eiyoludrate on a litter,'" or by exaporalin^ a 
solution of bleaching powder o\('i sulpburie acid in kh'Uo. \'on 
Tiesenholt " tiled to obtain il l)\ the aelionof ehlorine monoxide on 
dry ealeium hxdroxide, but the product was not jmre beeause the lime 
did not take up it.s e(|ui\aleiil of acid anhvtlride. 

In 190(5 the Criesbeim Elektron C’omp.inv took out a jiatent for 
the manufaeture of ealeium hypoehloiite by trealmf» eoki .milk of 

* tJoigou, ('onipL utid , I SSI, 99, 2.'»lj 

® CJiinisliftw, Chi‘t)i. AVirs, 1874,30, 280, Zulu»i''tx, Zat'fdi anonj L'h>m , IKO;}, 3, 134 

'' Koho, Diliijl poh/ J , 187:5, 209, 204. J*o<pf Aniinlc}i, 1854, 93, (>12, Kopner, 
S(hwci(jgi‘r'/t J , 29, 1.5.3. 

Jtoeslpy, Jahic.'ibtr , 185(1. 290. 

Andro. Cuvipt nnd , 1881, 92, 14.52, .Iwn ('him /’Ai/s , 1884, l(i|, 3, ()(> 

^ Diltp, Compt n nd , 1880, 91, 570 

’ Sch[L’incnuik<-i-.i and Mildviin, Plot K \kad WtUnt^th ^Im-ittidnm, 1912, 15, >52; 
fiom 1/ (Jhem , 1912, 102, Al)s u,7()l), Scliioinciimkois and Kiffpp, Weckhlad, 

1911, 8, (583, al.'id Mifikiin, ZcU-sih phij'^ikal. ('hem , 191(5, 92, .59 ; 1917, 92, 4% 

“ Andr6, Compt tend , 1887, 104, 3.59 

• Klinger, Per , 188:5 16, 997 , Andre. Compt. /end , 1887, 104, 431 

^ ‘o Kingzett, Chem Seii",, 1875,31, 113, 32, 22, 1882,4(5, 120, J ('hern Sne , 1876, 
28, 404 

. ** von Tiebenliolt, ./ p/akf Chem., 1902, [2], 65, 512 

(4iioslieim Elcklron Company, (leiinan Patent, 188524, Apiil 27^, 1900. 
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lime with chlorine. By evaporation in nicuo a crvslallinc hviiochlorite 
IS first formed. This is waslu'd and dried in vacuo to remo\e the water 
of crystallisation, as the salt is more stable in the anhydrous state. 
Under certain conditions basic h\ poi'hlorites inav lie Ibrined. Two have 
been isohited of eonijiosition C'a(tH’l) 2 .-Ca(OII) 2 , and (’a{()t'l),. lCa(OIl). 2 . 
The eonimeieial anhydrous h\ poeliloiite, known by the tiade name 
of “ Ihpoiit,” is more stable than oidmar\ lileaehinj; poAsder. It 
^rives a clear solution in vater and cont.uns SO to 00 jfcr eeni of bli'aehing 
ehl(»rinc. The solution smells slron^h of ehlornu* mono\ide. It can 
be stabilised Iia introducing lime to tlu* ('\tent of ‘2.1 to SO pel cent. 
Tins setth's to the bottom as “ lime slnd^i*,’' .and, mixed vith a <*ialam 
amoiinl of fresh lime, can be used for ineKaisiny tlu' slabilil\ of a linther 
(juantit\ ol solution. MafriKsunn hydroxide cannot leplaee tin* lime 
for this puijiose.* 'J'hi' stability is not much inllueneed bv eoneeii- 
I ration and tianperature. 

Vinei'iit and (iaillaid - pointed out that, as a pmifyin}^ af^iait lor 
drinknif^-water, ealeiuni hypoehloiitc had eeitam practical ad\ ant ayes 
over alkali h\ poehlontes, lieeause it <‘ould be eoiuementlN usial in 
eoinpiessed lalilets A htie ol walei, tiiated vith a tabhd eontainiiifif 

niyin of a\ailable ehlonne, should lie leads for drinkiny twiaity 
minutes after t lu' addition 

Bleaching Powder, CaCl(C)Cl ). By the action of ehlornu' on slaked 
lime, a |uoduel is obtained which is of eonsiderabh* eomiiK'reial nn- 
poi lance on account of its lih'aeinny and oxidising' power in the juesenec 
of a weak acid such as eaibonie acid. This is the snbslanee known as 
bleaehiny powdi'r. 

In 170S, Charles Tennant, with a \iew to obtaining .some cheaper 
bleaehiny <i‘>i‘nt Ilian the expensivi luni <lc Jotcllc made bv the action 
of ehlonne on eaiisl le potash passial chlorine into milk of lime. In the 
next sear, howiwer, he ex])<Tim(‘nted smeessfnlls with diy slaked lime, 
jiatenlc'd llu' juoeess, and Ixfjfan the manufaetuie immediatelv. 

The nielhod now employtd for ehlormalmy the lime depends on the 
eonei'iit ral ion of Ihe ehlonne yas axailable \Mieie the I'oneent lal ion 
of the yas is liiyh, as in the ease of Ihe ehloime obtained bv tlu' Weldon 
proei'ss, eonsideiable hejit is yenerat(‘d by the reaction, and laiye leaden 
chambers. S', ft luyh, 10 to ‘20 ft wide, and about 100 ft lony, are 
used, to penult loss of heat bv ladialion. The best tempeiature for Ihe 
ojK-ratibn is .*{() to 10' C The slaked hme should be of yood quality 
(the best lime for the purpose is obtained fioni Buxton limestone) aiul, 
aeeordiny to lamye and Sehappi,' should eonlam li a jier cent of water 
abo\e lliat reijuiied foi the foiniat ion ol livdioxale. It is spread on the 
as])halt or llaystone lloor ol the ( hamber to a tlnekness of ii to I inches 
and raked into furrows liy wooden rakes, t hlorine is introduced and 
left for some time. The jiroyress of absoriition (“an be followed by 
observmy Ihe diminution m colour by means ol two ylass window's 
])laecd op|)Osite to one another. The yas is also tested from time to 
time and the doois of the chamber must not be opened until the test 
shows less than yrams of ehlonne pi‘r eubie foot. The last of the 
chlorine may be removed by blowiny in line lime dust. Twelve to 

' (Itiiliii .iixl llcaiilldi, j. Soc ('him ind , 34, 530. % 

" Vimx'iit and ( i.iill.iid, Compi litid , lOl.'i, 160 , 483, sre ulwn Michaolin, Munch, med. 
Woch , 1919, 66 , 45 , lotm J Chun Sol , 1919, II 6 , Ah.s 11 , 1.55 
“* Lunge and Scliappi, Dingl poly J., 1880, 237i 03. 



;-m lime it may be necessary to rake it over and re-ehlorinate. The 
chambers may be arranged in series, so that the fresh gas comes into 
;MContact with nearly ehlorinatcd lime, and fresh lime with nearly spent gas. 
v’ I'or dilute ehloniie, such as that from the Peaeon process ecuitaining 
‘ as nnieh as 00 per cent, of inert gases, the same preeautions for keeping 
. down the temperature are not necessary. The lime is therefore laid m 
layers, a little morctthan lialf an inch thick, on shelves of slate or sand- 
stono 0 inches apart, set into the walls of the ehambeis in such a way 
that they are 0 inches short at alternate ends. The gas thus /ig-zags 
- through the chamber, passing over each shelf m succession. The 
chlorine is circulated through a battery of chambers. 

In 188S Ilascnclexer |)atented a process by which the lime is driven, 
by means of a worm screw, through a cylmdrieal Icadi'ii chamber, 
meeting on its way a counter-current of ehlorme. After jiassmg through 
a suceessiOM of these cylinders, the linished lime drops (iirecfly into the 
packing cask, Ihiis greatly rishieing the risk to workmen through 
coming into contact wnth chlorine and bleaehmg-powder dust. 

Improx einents in bleaclung-powder manufacture he mainly m th(‘ 
direction of the use of mcehanieal appliances m place of hand-w'ork.^ 

The (inal jmiduct, winch should be a heaxy powdei, nearly xvhile, 
and capable of being kneaded by the lingers into u soil of dough, must 
be carefully jiacked m hard-wood casks or mild steel drums in such a 
W'ay as to prexent access of light, heal, moisture, or carbon dioxide, 
which all, especially light, cause rapid decomposition. Tlu' pr('s(‘nee of 
free lime hcljis to stabilise the jiowder, and, for use in hot countries, it 
is apparently adxantagcous to mix it with ‘20 jkt cent of (piickhmc.- 

'I'he Properties of Pleaching Ponder. Hleachmg powder is a white* 
poxvder smelling of chlorine and chlorine monoxide, owing to the* 
gradual loss of these gases. This loss results m a diminution of available 
ehloriiie, xvliich is also brought about by transformation into chlorate. 
A good commercial jiowder contains .‘1(5 88 per cent, of axailable 
chlorine. It is only slightly hygroscopic. On treating with water, 
chloride and hypochlorite ait formed m solution and a residue of liim* 
is left. 

By heating to 100" (’, about lialf the water which the jiowder con- 
tains IS lost, most of the remainder is remox^ed at l.'iO" C'., and the last 
traces only at ri.*d heat. Uy heating in the presence of moisture, 
chlorine is set free at 70" C. Aboxe this temperature oxygen, along 
with a trace of chlorine monoxide, is obtained.* At 190" C. all the 
bleaching ehlorme is destroyed.'* Dilute acids liberate chlorine from it. 
If the liquid is very dilute, hypoehlorous acid is obtained. On boiling a 
solution of bleaching powder, oxygen is given off and a small quantity 
of chlorate formed.'* 

Ammonium salts are (Oxidised to nitrogen on boiling in solution xvith 
bleaching powder.® 

‘iNIIg +3CaOCl2--3CaCl2 + 3 II 2 O 

^ Montginnory, Chem. Met. Eng., 1922, 26, 1038. 

, • Rettie, Hmith, and Ritcluo, J. Hoc,. Chem. Jnd , 1918, 37, 311'!’ r Macdiilloi-h, ibid. 
1921, 40, 240T. 

^Lungo, Zritsch. ariotg. Chem., 1892, 2, 311 ; Luugu and Schooli, Uet., 1887, 20, 1474. 
> * Dit?,, sec rcfrrt’nceM uncirr (’onstitution, ]) 13. 

Lungo, -/ Sor. Chem.. Ind., I880, 4, 722. 

Kolb, Ann. Chim. Phys , 1867, [4], 12, 266. 


hours are required for absorption. With iif^^ick laVer^ 



I oxides, such as those of cobalt, nickel, iron, maft- 
'^ganese, and copper, react catalytically upon bleaching powder solution! 
causing a vigorous evolution of oxygen.^ The metals, iron, tin, (’opper, 
nickel, and cobalt, also liave the same effect. - 

Bleach Liquor . — Instead of bleaching powder, bleach liquor, as first 
obtained by Tennant by the action of chlorine on milk of hnic, is some- 
times prepared by alkali works for use m bleaching works which arc 
not too far away. It may also be made by cxtractiiig bleaching jiowdcr 
with w'atcr. 

Bleaching powder solution has valuable germicidal properl les, and 
has long been used as a disinfectant. One jmri of bleaching powder in 
‘2000 parts of sewage will lice it from ty|)h(ud bacilli and choh'ra spores 
in two hours. Anthrax spores re(pure a 1 per cent, solution.'^ 

Other Uses of Bleaching Poieilci . -Apart from the value of its bleach- 
ing and antiseptic properties, bleaching powder is also a useful chlori- 
nating agent in the laboratory and in industry, for example m the 
])roduetion of chloroform from alcohol or acetone.’ 

It may be used in the laboratory as a source of chlorine or oxygen.’’ 

The Conslitution oj Bleitchiug Pmvdet.- The comjiosition of bleaclimp 
pow'der corres[)onds approximately to a imxiure of c(pii\alent pro- 
portions of calcium chloride and hypochlorite with a certain amount ot 
w'ater and free lime ; but wdiethcr it is actually to be rcgaidcd as con- 
sisting mainly of a compound of formula l'at’l(()t'l) or t'at'lj-t 
or simply as a luixlurc, is still a vexed question. The literature on the 
subject IS \erv cxtcnsi\e. 

The first suggestion put forward is indicated by the pojnilar name 
“ chloride of lime.” Berthollet regarded bleaching pow'dcr as former 
by the diicct comlnnation of chloiine with lime.*’ Iler/ehus considcrce 
it to be a compound of an oxygen acid of chlorine. This view was sooi 
abandoned for that adojited liy Balard’ and (lav-Lussac,** namely, that 
it IS a mixture of chloride and hypochlorite. Fresemus modified thif 
to aeeouiit for the lime, and suggested that a basie chloride is jiri'sent.' 
Other variants of the mixture formula weie ollcrcd.’** The great draw’ 
back to tliesc was the fact that they generally allowed less lileaehiiq 
chlorine than can be obtained from a good pow'der. 

According to Kraut,” a mixture of chloride and pure hypochloriti 
(prepared by the action of chlorine monoxide on calcium oxide) lu^ 
the .same properties as chloride of lime, notably eaibon dioxide set: 


* Floilnicinn, AnnaUn, 134, lU , Botljrer, J. piakl Chnii , |1|, 95, 375 

Jahre'iber., 1865, 119. 

2 WhiU-, J Soc. Chem. Iml . MM)3, 22, 132 
^ Olay ton, ibid., 1896, 15, 320 

* Martin, Industrial and ManuJacluniuj ('hvtniaUy. (hijanic (Oroaby Lockwood Son) 
Part I., 1920. pp. 377 and 378. 

* For further infornution on the inanufactiire aiul unes of blenching jiowdrr fle 
Thorpe, Dictionary of Applied OhRimstry (Loiif^inans, (Jr#pn & Co ), 1921, vol n , p 202 
Martin, Industrial GhenmUy, Inorganic (Cronby IjOckwocMl & Son), 1917, \ol. 1., p. 391 
Partington, Alhili Industry (Monographs on Industiial Choraiutry) (Bailliere, Tindall I 
Cox), 1918, p 126. 

* See also Martens, Ann. Chim, Phys., 1836, [2J, 61, 293. 

’ Balard, ibvd., 1834, [21, 57, 225. 

* Gay-Lussac, ibid , 1842, [3], Sf 273. 

* Fresemus, Annakn, 1801, 118, 317. % 

Kolb, Ann. Chim Phy* , 1867, [41, I2, 266; Dicyfus, Hull Hoc chm , 1884, [2 

41, 600 ; Stahlschmidt, Dingl. jxtly J , 1876, 221, 243, 335. 

Kraut, Annakn, 1882, 214, 354 ; 1883, 221, 108. 
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free all the chlorine, the hypochlorons arid first formed acting' upon the 
calcium clilondc. ife tiu-n'fon' favomed tlic llalard and (ray-Liissac 
formula. Sclnvai/,' on llu‘ conh-.n\, asst'rtcd much later that the 
synthetic hh'acliin^ lioudiu- onl\ jri\(‘s up, und(“r the mlluciice of a dilute 
aeid, an amount oC eliloriiK* coru'spondnij^ to the hvpociiloriti' ]>resent. 

Von Tiescnholt - supported the mixtuie hv|)olhesis on the f>roiinds 
of the rex ersibihtv of the ecpiation 

2C'a((Ul), t ‘-H’l2:- -Ca(()(’l), , (’a( 1, t 
This revcrsihihtv also ('xplained xvhx i( is impossible to pri'parc a hleaeh- 
in^r powder <‘OMlamm^^ tlu' I lieorcdical amomil of ax ail.ihle chlorine. 

\Vmt(‘lc‘r stiidK'd the formation of hleaehin^* poxvder I'lom tlu' point 
ot \ lexx <J[ the mass action laxx I)i\' ehloinu' does not ri'acf xxith dt\ 
lime, hut the proc('ss is inllucneed hy the rexcrsihh' reaction m the h([uid 
phase between chlorine and \val(‘i, 

(’4 II/) ‘ IK'l ! 110(1 

Ilolh acids are then supposed to act upon the lime, but xxliethi'r to foim 
a eompoimd or a niishire of basic salts the author xvas apjiaK'iillv 
unc(*rlain. A lar^fc concenlral ion ol hxdrovxl ions in the iKpiid phase 
fax’ouis the exoliilion ol (►\xoen, which is undc'sirable. Tins e.\plains 
why calcium h\dro\i(lc, the least s(»lul)le ol the alkahiK' hydroxides, is 
the most siiit.dih' for llu' formation ol bleachmy poxvder. 

'riu' projiertics of bleaching powder searcclx seem to be m harmoiix' 
with the X lew that free caleium chloride is |)icscnt (’arbon dioxuh' 
will not react with calcium <*hloride Hlcachm^* powdia- is nol \vr\ 
delKjuescent, and can be compicleix dchydialed at a low(‘r tcanpiaal ure 
than IS possible m the case of the ehloiide.* 

About the y(‘ar 18(i(), Odhn^, m his Mannul a/ ('hcfiustnf, |)ut foiward 
his theory of tiu' chemical indix iduahtx of bleaching powiler. and 

(I 

rejiresented its constitution b\ the loimula (‘a . Kraut ojijiosc'd 

(K'l 

this ’’ on the nioimd iliat a lit hmm blea( hm^ powdir could be obtained, 
w'heieas Odhn^^'s formula onix pcrmitli-d the existence of bh'achm^ 
])owders from dix alent elements. The woik ol a number of mx eslittators 
aiipcared to support ( Idling’s lormula.'’ 

f A one-compound formula xxas also suggested by 'raiugi" lie 
assumed the intermediate formation of a small (piantitx ol p’eroxide, 
CaOj.IIaf^oj Ln the action of oxygiai liberated by ehlorme fiom water. 
This, wuth hydroehlorie acid, gixcs CaO/'h, ehloridi' of ])ero\ide. A 
bleaching powder containing ltd per cent, ol active chlorine might have 
the formula CaO./'l^.Il/). 

In recent times a plausible eombmation of the two opposing theories 

^ Schwrir/., 'Anisih aihjfir ('inn , 11)07. 20, IDS 

^ viMi "l'u'M‘nh<ilt. (intjni ('hvm , l!)Ul, 14, OT.") , ./ piakt (’him., 1!)0|, |-|, 63, 

30; U)02, (21, 65, .")12 . lOOli, [2]. 73, 30l . /fi/" I*hir ('hfni Soi , l!)0.'), 37, SiU 

‘ WuitcU'r, Znt'ich aritjru- ('hmi , 11)02. 15, 77.{ , 11)03, 16, 32; Znhih nnoK) Chetii , 
1903, 33, 101 

* Dit/, '/jiil'ich nmjav (.'hem , 1002, 15, 740 

* Kraut, /o»' (\t * 

ILungo and Schappi, Dimj( polif J , IHSO, 237, 03 , Jatngo and Nad, Atnialcn, l,SS3, 
'219, 120, Lunge, Xntuch oyMxj ('ht>)n , 1802, 2, 312, 1803, 3, 361 , U’Slifa, Tniii'i. 
Chem. Sve , 1883, 43, 410. 

^ Tarugi, Gazzdld, 1904, 34, 11., 254. 
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has been ?iia(Jc. Dil/ ^ found that it js possible to obtain a bleneliin^ 
powder ^iviiijjf bS-7 1 per ei'ui. of available ehhn ine bv repc'atcd additions 
of a little water diirnin elilonnation at ordinarv temperatures. At lower 
temjieratuns, lujwiwer, alth()U<,di the leaetion lakes plae<‘ with e\oIulion 
of heat,. a pioduet is obtauu'd eontauun<f a lower jiereentajje of active 
eliloruie. llelween - 10 (' and *20' ( there is not more than Ot •!) per 
cent. e\(‘n under the most hixoniabh' eireumslaiiees. I)it/ aeeonnted 
for lliese l.iets as follows lie supposed an mleim«diate eompoimd to 
be (irsl formed 'I’liis, m llu‘ pri'senee of a snllieient excess of wat^'r, is 
deeomjiosed into bleaehmn powdei and fu'e lime. 'I'he latl<‘r, m eontaet 
with fresh ehloimc'. a^am lorms tlu- intenm'diate eompoimd, to Ix' a^niin 
(h'composed, and so on t In oreliealh to mlinil\, th(‘ (pi.mtitv of fri lime 
beeomm^ less each tmu‘ 'I’Ik' proei'ss ma\ lu* expiessixl l)\ th(‘ follow m^^ 
e([uations 

‘2('a(()Il). (1. t'aOCaClOCl.ll.O 11 d) 

('a(<)ll), Cal’IOChll.O 

l( a(()Il), .K l, (aOt .iUOCl II,() iM’.iCKH I II.O 11,0 

and so on, thi' composition ol the Im.il prodm t bemi* mduMled bv the 
ii,ehl-hand sale of the following nineial iMpi.ition * 

•2n('a(()ll). (2n l)('l. CaO (’a(’l()(’l.ll.,() 

(•2n ^H’at 10(1.11,0 11,0 

wlieie '‘n" is 1, ‘2. ‘2-^. 2 (te Tin larger tin' xalm' of n the 
more complete the ehloimalion \t low t( niperatnres the eompoimd 
CaO CaC'lOCl 11,0 is slabh-.md can indeed be isolated b\ ehloi mat iii^f 
a( tree It IS also stable m di\ air at lOO" C' At a somewhat 
hi^la r l('nipeialni( it ui\('s oft o\\i»en but no ehlorme. ’I’lie leai lion 
at low temiieialmes will lend to slop at this point, resnllmo m a 
bleaehm^ powder of .T2 I per cent of t heoretie.ilK a\ailabl(‘ ehlornu'. 
At higher ti inpeialiiies h\diolssis will lak(' phn-e. th(‘ leaetion i-oiitimie 
with more oi hss i(‘a<lm<‘ss, and a bhaelmi}* powdi'r eontamin^ a 
hinhei pdeenta^e of available (hlorim* In loniK'd Th<‘ best t h(‘o- 
retieally possible would of eoiiisi* lx one n‘|)r(sented bv the loimnla 
CaClOCI 11,0, and eontammo IS!) jx i eeid. of available eldoiiiK- In 
ordinarv piaetiei this is not obtameil, so that eommereial bleaehin^ 
powder, mav be reoaided as a niixime (d tins linal prixlnet with a 
v'arym^ jnojiortion (d llu' mtermediali' basic eomponiKl. 

The views of Dilz find suppoil m the constitution (d a ervstallme 
bleaehm^r powtiei obtained bv Oilon ami Jones - m the form td' Inslroiis 
prisms 0-5 1 *2 cm. lon^. These, on treat im id with water, formed an 
alkaline solution eontamnif* both ehloiide ami hypix-hlorite, and hdt 
a residue eonsistm^^ mainly ol bv dioxide J'he lavslals could be ki‘])t 
in an atmosphere In’c from carbon dioxide^withoiil loss ol available 
chlorine, but the lustre gradiiallv disapjieared. TIk v did not dehciueseo 
m air, but after exposure ealemm carbonate was present and the hypo- 
chlorite liad praetieallv disaiijieared, chloride and chlorate taking its 
place. On heating at 100' C., the crystals reached a eonstanl weight at 
the end of an hour, but there was no diminution m the proportion of 

1 Ditz, Zeih^h muicw Chun , iOOl, 14, :k 49, 105 ; 1902, 15, 749 ; IDO."), l8, 1690; 
1907, 20, 751 

* Orton Jinil JoiioB, Tkius. Chvm Hoc , 191)9 95 , 761. 



fective chlorine. To conform with the results of analysis the following’’ 
^fprmuhr were suggested : — 

‘2C'a(’l,.‘2t’a(('10)2.9Ca0(.'5na0)..37lI./), 

' or l.>(C'l.(’a0.Ca('l).2(0n.Ca.0Ca,0Cl).5Ca(0Il)2.37ll20j 


7’he ratio of ealeium (‘hloride to hypochlorite was constant in the 
crystals even when, varied in the solution, but the proportion of calcium 
hydroxide and water was variable. The constancy of the chloride- 
hypochloritc ratio jiointcd to the existence of a compound of the two, 
and probably also of a basic salt. The authors supposed that the latter 
might be identical with the compound separated by Ditz at low tem- 
peraturi's. Tht' variability of calcium hydroxide in the crystals seemed 
to indicate that association of the base with the compound w-as, partially 
at any rate, of the nature of an isomorphous mixture. 

On tlic whole, tin* balance of evidence seiaiis to be rather in favour 
of the view that bleaching jiowder consists essentially of the compound 
CaClOC'l with an admixture of basic salts, but it must not be forgottim 
that the validity of the older chloride-hypochlorite mixture theory is still 
taken for granted by some authors,^ and that certain methods by which 
the problem might be attacked for example, determination of heat of 
formation, dceomjiosition pressure, and so on -are practically untried. 

Estimation of Available Cldorine in Bleaching Pozvdel, -All the 
methods for the evaluation of bleaching powder consist essentially in 
the determination of the oxidising power by titration. It is most usual 
to titrate the bleachiiig-powdcr solution with a deci-normal arsenioiis 
oxide solution, using starch-iodide jiaper as an outside indicator.^ 


‘iCaClOCl 1 .Vs205d-2CaCl2. 

The available chlorine may also be determined by oxidising an excess 
of potassium iodide solution with it and estimating the liberated iodine 
by thiosiiljihate. Acetic acid is used to set free the chlorine. 


CaClOCl F‘2K1 1 2CH3C()OII-=(’a(CIl3COO).2 l-2Ka f 1^ fllgO. 

Lceomte * estimated the active chlorine in bleaching jiowder or 
hypochlorites by titrating the same (piantily of stannous chloride with 
deci-normal permanganate, lirst in the presence of, and then in the 
absence of hypochlorite solution. 

Calcium Chlorite, CaC102, is formed by the action of (‘hlorinc 
dioxide, CIO2, on calcium peroxide prepared by the action of hydrogen 
.peroxide on milk of lime. A solution is obtained from which calcium 
chlorite crystallises in vacuo over jiotassium hydroxide, or may be 
precipitated by alcohol and ether. It explodes on percussion and decom- 
1 poses completely in contact with a heated wire,^ 

: Calcium Chlorate, Ca(C103)2.2H20. — To prepare the pure salt, 

l^'purc chloric acid should be neutralised with calcium carbonate or 
^ hydroxide, and the solution evapOratetl in the cold over sulphuric acid.® 

• ^ Higgms, Proc. Chem. Soc., 1911, 27, 67, 314; Trarui. Chew. Soc , 1911, 99, 868 ; 
jVlW2, 101, 222; Taylor, ibid., 1910, 97, 2641 ; 1911, 99, 1906; Taylor and Bostock, 
1912, xoi, 444; Proc. Chefn. Soc, 1912, 28, 14. " 
f Carnot, Compt. rend., 1896, 122, 449. 

“ Lecomte, Chem. Zentr., 1918, 11, 762; from BulL Sci. Pharmnrnl . 1918. 2c 917 
* Levi, OazMtta, 1922, 52, 1., 417, 

® Wftchter, J.,prakt. Ckem., 1843, [1], 30, 324 






forms rhombic orysUls which ai“c very deliquesced ondj 
ihclt when heated (juiekly to a temperature of over 100° (’. On fusion,' 
the anhydrous salt gives up oxygen with a trace of chlorine, leaving a 
mixture of oxide and chloride. * It is easily soluble in water and alcohol, 


A certain amount of ( hloratc is formed by heating milk of lime 
saturated witli chlorine, the quantit\ increasing with tcmperalure.'‘‘ 
The jiroduction (d chlorate by this met hod was begun on the commercial 
scale at St. Helens in 18t7. Milk of hmeof s])cci(icgn 4 Mty 1-OH is agitated 
in cylindrical cast-iron vats, 10 ft. in diameter and .'Si ft. high, wjiilst 
chlorine is passed through. 'J'hc tcnqi(‘rature is kept at 00° 70° C. 
SevTial vats may lie placed m scries, and the process run on the counter- 
current pniu'iplc. The (‘iid-point is reached when addition of a dilute 
acnl causes no evolution of ehloimc. The chlorate solution is used 


( hiclly for the production of sodium and potassium chlorates.^ 

C’alcium chlorate may also be jireparcd by the eleetrolytic oxidation 
of lh(‘ chloride. According to Tucker and Moody,^ the best output is 
obtained by the use of a ‘20 })cr cent, solution at 80° C. and an anode 
density of 8 amp. per sip dcin. The platinum electrodes should lx* in a 
horizontal position and 10 cm. apaH. Addition of sodium dicliromate 
or hydro\i(ie incr(‘ases the cllicicncy c()nsitlcrably. For example, 10 per 
cent, of sodium hydroxide raises the ellieu*ney from 07*1 per cent, to 


83 ])cr e('iit. 

Calcium Perchlorate, Ca(CIOj)^. Hy the neutralisation of per- 
chloric acid In calcium carbonate or hydroxide, Serullas ^ obtauusl this 
stilt only as a svrupy mass which soli(ii(ied on cooling and was soluble 
in water and alcohol. It can, however, be crystallised with !■ molecules 
of water. The crystals melt below 100° (’., hut the anhydrous salt is 


stable at *200° ‘270° (*.'’• 


Calcium Oxybromide. Wlien ealeiuni hromule solution is boiled^ 
witli ealeiiim hydroxide, and the lupiid is filtered and cooled, beautiful 
jieedlt'-like crystals separate out." Tlicy aie dccoiiqioscd by water 
and alcohol, leaving lime, and tlicir composition is represented by the 
formula raHr2.3(’a().ir)Il20. On diving at 1‘20° m an atmosphere 
free from earhoii dioxide, a tribydrati*, (’aHr2.3('a().3H2(), is formed. 

Sehrememakevs and Mihkan,'* investigating tlie system Calli'g : 
t’a(01I)2 : HaO at ‘25° (’., found an oxybromide 3( aHr. 2 . 1-Ca0.16ll20 in 
addition to the eompoimd ('aHi2.3(’a().10Jl2O. 

Calcium Hypobromite, Ca(OBr) 2 , is produced m solution with 
the evolution of heat by the actum of bromine on lime-water.® It has 
an oxidising and bleaehmg action, and bromine is liberated from it by 


^ PotilitiUi, ./. Uuss PhijK Chem ►S'w , IH90, 22, 3S3. 

® Craoc-CaheTt, ,/. Chom Sol, IH.'U, 3, lUO ; Lunge, ./ Soc Chun hid, 1885, 
4, 722 

* Partington, The Alkah Indu^itrij {.Moniigraphs on InduHtrml ClicrniHlry) (Paillu're, 

. Tmdall & (’ox), 1918, p 131. • 

* Tucker and Moody, J. Soc Chun hid, HH)0, 19, 977, sco also tw'lioo]), ZutMch 
Ekktrochem, 1896-0, 2, 209, 227; BiHchoff and Poemter, ihid., 1897-8, 4, 104; (k'tlel, 
ibid., 1898-9, S, 1, 

^ SMilliw, Ann. Chim. Phys . 1831, 12|, 46, m. 

, • Willard and Smith, J. Ainer Chetn. Soc,, 19‘23, 45, 280. 

^ ’ Tassilly, Coynpt. rend,, 1894, 1x9, 371 ; Ann. Chim Phys., 1899, 17], 17, 38. 
c, Schremem^ers aud Milikan, Pioc. K. Akad. \Veten«^ Amsterdam, 1012, 15, .12; 
J. Chem. Soc., 1912, Aba. li, 102, 760; Milikaii, Zeitach. physikal Chem., 1010, 
99. 

(»%;'j|^'Balard. Ann. Chim. Phvs.. 1826. 121. 22. 337: Dancer. J. Ghenn. Soc.. 1862. !■;. 477. 
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dilute ftcids. Although this solution is fairly stable it is dcroinposed by 
heat or sunlight. 

Bromc Bleaching Powder. I{er/(‘lms lust obserxed that broniiiu* 
reads with caleimn h\dM)\i<l(‘ ronumga n-ddish coinpoiind uilh bleach- 
ing |)n)|)< it ICS ' Killbv “ lias stated that liromc blcaeliing powder eon- 
taiiis broiniiie iii three forms: as bromid<‘, }i\ pobromiti*, and finally, m 
a inoie looseh’ combined form, probabK as tin* perbiomide, thus gi\mg 
th(‘ led colour Wilks ‘ ri'garded thi' i(‘a<‘liori as an adsorption of tin* 
biotpme by tia liiia'. ratliei (ban ehemieal combination as between 
elilorine and lime 

Hv healing the r('d eompoiiiid at lOU” ('. until no more water and 
lironnne are dii\eii off, tlieii' is foinied a pah* \ellow powder eontaimng 
.'k‘) |)(‘r eeni ol available broniiiK* and having substantial]}' the eoniposi- 
tion (aO.CaBrOHi .1 1^0, vvIik'Ii re<-alls Dil/'s interiiK diati' eomponnd 
(see nndi'i' Bli'aeliing Powdi'r). Tins v<‘llow piodnet has baeteneidal 
and bleaeinng properties.’ 

Calcium Hromate, Ca( BrO ,) ,.11 ,0, is obtained b\ the neutralisa- 
tion of bromic aeid vv it h i itliei tiu h\dio\id(‘ or the eai bonati'ol ealeinm,’’ 
or by till' elect rolv tie oxidation ol ealennn bromide'' It forms moiio- 
elime (‘ivstals isomoiphons with stioninnii and barium bioniates’ It 
IS soluble in an e(nial weight of cold watei \l the bromate 

loses its watei of crystallisation, and at a still higher tempi'ialnre it 
gives up oxvgen and forms the bromide, 'riu' (hiisitv of tin Inornate 
is i\ 1120. 

Calcium Oxyiodide. A ei\stallnie eomponnd. (■aIj..*U'a() tblCO. 
has bei'ii prejiared ” It is decomposed b\ water and alcohol, but is 
stable at 2.V (' m eontaet w ith ,i solution eontammg lioin 28 II percent 
to per cent, of ealennn iodide,*' It assiniu's a leil-violit eolmir 

under the inihienei' of light, is less hvgroseopie than the lanlral iodide, 
and on luaitmg it is piobablv di'liydiated with tlu' sepai.ition ol iodine. 
In rncim, at oidinaiy tempeialuies, watia is Kanovi'd and tlu‘ lii- 
hvdrate, ('al^ ‘‘R aO .‘tlCO, less unstabh' to light but v('r\ hvgtoseopie, 
IS obtained.'^ 

(Calcium Hypoiodite, or Iodine Bleaching Powder. Wlun 
iodine is allowed to react with ealennn h\ dioxide and watei at tlu' 
ordinal V ternperatuie, m addition to an iodide and lodale, a eompoinul 
supposed to be analogous with ehloiine bUsiehing powd( i is obtamid in 
solution. It IS colourless, has an odour si rongl\ sugg<-sti\ (‘ ol lodolorm, 
and, although model ately stable m the dark, is readilv de(ompos<‘d by 
heat and light. It is supposed to consist either of a mixtineol h\ |)o- 
iodile and iodide or of the compound C'aI(()I) 

Aeeoiding to Wilks ” iodine is adsoibed bv slaked lime 
Calcium lodate, Ca(IO.i) 2 .- This salt oeeurs natuially in the 

' Smi Jilsii tiUVMU, yV/7 IS2S, 14, 4!12 

" Killbv, Hep ('hem. Soc , lUlO, 7, 48 
’ \\ ilks, Tkiii'< C'hein Sor , HII2. loi, illiH 

^ Aitliui unci Killliv, HiitHh I’aU-nt. I.’ll7r»0 (ISUH) ; J.Soe ('hem. Ind , UMO, 38, St‘JA 
‘ rog<j Avttalen, 1841, 52, 88 

** Sarghol, Zeiht/i Klekhochem , 18!1!l- HMMI. 6, 149. 

‘ Miirijtn.ir, . IHoT. 127 

Tassilly, (^ompt und , 1894, 119, 371 , ,1/ni. Chim Phya , 1899, [7J. 17, 38 
** Milikan, Ztitseh. phyaikal Chem , 19H), 92, 59 
Luniio and SeluH’li, Ber . 1882, 15, 1883 
" 8ro Brniiif Bloaolimg PowcU'i 
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liitiv bods oC Chill niid in soa-v\atoi\* It oan bo obtainod oithor 1)\ lli(> 
action of oaloinin oarboiuih' or h\ dioxide on iodic acid, or. siiioo oaloinin 
lodato IS not \ri\ soluble ni waha, In |)io< ipilatni'; a boiling solution 
of oaloiiiin nitrate nitli an alkaline lodale. The salt ei\stalhses nith 
!• or niolooules of uater aeeorfhiiir to eneiiinslaiu'es - The hoxain diato 
holoiiffs to the rhonibio s\steiii. On di\m;^ at 100’ (' a inonoln dratc^ 
IS l(‘fl, bill it is onl\ at a eonsidcTabK hi«,di( r tianperahiro. alxnil *_M)0’ C . 
that the aiihvdrdns salt is obtained. On fnitlui la'atini^, o\\ 1(011 ajid 
lodmo are ^n\on off and a nnxtnie of lodale and oxide leniams 

Calcium Periodate, Ca(IOj).>, is ohlamod b\ the action of a 
stion^( solution ot poiiodio acid on ealenini oaiboiialc' and o\aporata)n of 
the still acid solution o\cr eoni’ontialed snlphniie acid.* 

Ji\ tieatiii;^ foebi\ acid solutions with ealeniin (arbonate, or b\ 
allowing' an alkaline periodate to ri'act with ealcinni nitrati', a basic 
salt, Ca(IO,)j Cat) OlUO ' 01 SII.O.' is lonnod 'I'lie (ii'^t method of 
picpaialion ^i\cs i(ddish er\stals and th< second white \t 170 C the 
liasie salt losi's all its w.dei ol er\ stalhsal ion. .md is de<‘oinpos< dal a si ill 
lii/(hei lenijn ratuK to form the moi<' basic eomponnd ( a(IO,) . H'aO *' 
Itanimelsher;^ also obtained tin* eompomid .‘K'a(lO,)_, aCaO as a 
oelatmoiis ])ieoipitale b^ the action of ammonia on a solution of the 
lnTiodate.* 

( VIA II M AM) MAN(;AMvSK. 

Calcium Manj^anites. CV\slalhsed manifamles, ol composition 
\ai\ini( with the temperaliiM*, can be obtained bv lualinj* loaelher 
(aleiiim chloride, ealeiiim o\id< . and maiiKaiiesi' ehloiide \l a hriahl 
led heat MnO^tiCaO is foiimd. and at lowii lempei.itiin's ‘iMnOjCaO, 
.’iMnO^A'aO, and CaOMiiO^’ Potassium pi 1 maiii'anal<‘ with ealeiiim 
ehloiuh' t(i\es a pentamaiiKamti , aMnO^ C.iO *’ 

My (he action ol a iiiaiiiianese salt on excess ol oalemm h\ poehlorili* 
brownish pieei|ntales of \aiiable <omposition are obtained *' 'I’la v 
eoristiinfe the W ( Idon mud jnodmed m IIk leedieiation ol mani*anese 
dioxidi' in the Weldon <‘hl()inie pioeess 

Calcium Manganate is obt.iimd bv heating to^n*lhor lime and 
any mant(anese salt with fiei* ai ( ess of .111 " Ani((‘rand Ihlly, howo\ ei, 
assert that no true alkaline eaith man<>.inales aie loi med, onl\ maiij(am- 
maiiganatvs of the ^reiuial lormnla K,MnA)„ IIJ) 

‘ SiMistadt, eVa Xnit, 1S72, 25, l!H» 

‘ Dittc', .1 h« f'linn I’hy'< , iSilO |l»|, 21, 1 1.> . "ee als(» Millun, ihttl , IHl.'t. |.‘t|, 9, 
4i;5, Maiignar, Jahti'^hn, IJ't Sor .il-^o Raiiiini /'««/</ Iw/ei/f/i, IhllK, 

44 1 

® ltaiiini('lsb('i|/, Jfihn^hci , tSiiS, n>4 

‘ lino, Her, 187(1. 3, .‘II h KaiiiTiiflsbi-ij;, /m nt 

' Ijiinglms, Ann ('/inn /‘/nff , 18.72, 131.34, 3.77 Sio jiImi Iti iigirsoi, .iHWff/r w, IS.'KJ, 

17. 2.74 • 

•’ Suo aUo Mtiuiiin I’niod itc 

' (i(irf(i‘U, ('O)iijil njul , 1S77, 84 , 177. Koiummiii, And, 188.7, loi, 1(57, 188(), 102, 
42.7, 189.1,116,101)0 

Ridor, HhU Soi ihim, 1878, |2|. 30, 110, Ki mi wan, uri'l, 1887, 101, 1()7; 

Dufaii, Ann. dhim. f’hy* , 18i)7, [7], 12, 2o7 

• (lorncn, ,1 h 7) (’/inn I’/n/'i , I8(>2, [31. 66, 17.^ # 

.fezlcr, Dnuil jioly ./ , 187.7, 215, 44li . Lun^r. ilnd , 1881, 242 , 371 , Wk-ihiI^ 
Zeikr/h nnijpw. ('/inn , 1894, 7, 2.77, VVcldnii, Ihin/l Judy J 1873,207,612. nva J ('/inn, 
Soc , 1873, 26, 949 

■ Dclauru'r, (^/inn .Vcm"), ISOO, 20, 240 

Auger and Bdly^ Com/jr. n-nd , 1904, 138, .700 
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Calcium Permanganate, Ca(MnO,)2.5H20, is obtained by tW 
action of sodium pcnnan^ninate on (‘alciiim chlondo. forming a deliques- 
cent crystalline massd It is decomposed by boat, giving nianganate, 
manganese dioxide, and oxygen,’ and is a powerful /ixidismg agent.® 
The electrical conductivity of -the solution has been studied by 


Fraiike.^ 


« ( AIX lUM AND 0XY(;EN. 

Calcium Suboxide, Ca , 0 .- Dy lu'atmg together ealemm oxide and 
niagnesiiim at (‘. m argon under i educed jiressiire a blackish fritted 
V. mass is olitaiiied. It bcim\es similarly to ealemm towards water, 
' nitrogen, and hydrogen, and (inntz regarded it as ealemm siiboxidc 
mixed with metalh(‘ magnesium.^ 

. Calcium Oxide, CaO, also known as caustic lime or (|uieklime, 

may hi* formed liy tlie direct combination of ealemm and oxygen. 
The molecular heat of formation is aiioiit l.Vi Cal.“ It can also be 
obtained ljy the ealeination of the nitrate or the carbonate. For the 
jireparatioii on the commercial scale the carbonate is used, and “ lime- 
iMirnmg ” is one of the oldest of ehemieal processes. 

Among the chief sources of the eaibonate is, first and foremost, 
limestone of varying degrees of purity. A limestone consisting of nearly 
pure carbonate gi\ es a rich or “ fat ” lime. lames containing alummates 
and silicates arc hydranhe limes (see Cement). Doloinitie limestone 
does not gi\'e a sat isl'aetory product (see Cement ), and is not used except 
for spi'cial purjioses for example, the lining of (‘ertain furnaees. Chalk 
may also he burnt, and in certain plaecs in Holland and America sea- 
shells are used for instanee, in Haltirnore, where tlie oysti'r-eanniiig 
industry is carried on. Another soiiiee is tin* spent lime from pupiT- 
an pulp mills, eaustie-soda W'orks, and heel -sugar factories. 

In Altliongh the modern limekiln difh'rs greatly in ellieieue\ from the 
huiraeient one, and is a much more elaborate strueturi*, the ])rmeiple of 
is ol)i a, method of lime-burning has remained essentially the same. The 
Calcinate is heated strongly to tlri\e off the carbon dioxide, tlie usual 
lodme IS m temperature licing from 800" to 1000" C. The escape of the 
ordinal V l( eilitated by the presence of steam, which dilutes it and so reduces 
supjiosed to I pressure (sec Calcium (’arbonate). A lower teniiierature may 
solution. It iployed and an economy of fuel effected. In the older process 
ami, alllioiigh ne w'as damped, but in the modern ones steam is injected 
beat and light, is. In the simplest form of kiln, known as the Hare kiln, 
ioihle and loduh in small jiicees is supported over the lire on an arch made 
According to V* the kiln itself being also eonstrueted of limestone. The 
Calcium lodai be built of brick or stone and the inside lined with 
H'css is intermittent, the kiln being emptied and rC- 

‘ Sou alsd kovMif, /V /7 .batch. 

^1 ^ continuous or running kiln. A long 

< Alta ‘o f"" ‘I'ami'fer, and lined with 

‘ RainiiirlsluTK, I’ogy 1832,25,297. 

* iSarghrl, Klcklrochem . i<<7^ 780 

’ Mai’ignac, Jnfiresber , 18.')3. 127 SV., 1913, 35, 219. 

Tassillv, ('ompl nnd , 1894. 119, 3.^ , 1896, 16, 476. 

* Milikun, Zettfch. physikal. Chvin , 19 [0], 10, 448 See Barium Suboxide. 

« Lunge and SduH'b, Bo., 1882, 15, 1906, 140, 883; de forcrand, ibid, 191i; 

See BroiiK' Bleat'liing Powdtu ,er (AnnaUn, 1907, 355, 137) found 160 Cal,, 

143 Cal. , ,‘-1 
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y:, firebrick, is necessary. Instead of steel, a reinforced-concrete shell has 
recently been reconimendcil in America. The limestone and fuel may 
be fed in at the top in alternate layers. The (ire is started at the bottom 
and more of the ehar<re introduced at tlie top. If lime uneontaminated 
with ash is required, ealemation must be effected by the hot gas(*s IVom 
furnaces at the sides. As fuel in the latter ease, wood, coal, oil, natural 
gas, or producer gas may be employed. 

For the highest economy m fuel and labour, ami for uniform and 
thorough burning, it is best to use a rotary kiln such as is adopted m 
eement-burning {see (’ement). This metliod was first proposi'd in 
188.'),^ but in spite of its advantages it is only m \erv reernt times that 
it has met with nuieb approval, because it produces bine m small 
jueees— from dust to ])ieecs of 2 inches in diameter and builders are 
prejudiced in favour of large lumps. Spent lime shidgi* may lie fed mio 
the rotary kiln whilst still wet, like eenient slurry.'* 

Caleuim oxide as ordmaiily obtaineil is a white umorplioiis mass 
with a density which vanes between 8-15 and 3-80 according (o the 
temperature at winch it has been prepared.’* Hare stated that he 
had fused it m the oxylivdrogen llaine, hut probably the lime was 
not a \ery pure s|)<'einu*ii.^ K ma> he fused m the eleetrie furnace 
giving on cooling a milk\ etystalliiie mass of densit) 8-t.''' According 
to Day and ShejihenM' the density of fused lime is 8 813 at 2.')’ (’. and 
the hardness 8 I-. Moissan obtained erv.slals m the form of both ciihes 
and needles.* Ilrngelinann obtained transparent euhieal (*iystals of 
2 mm. side and density 8’25l, by slowly heating ealemm nitrate w’llh the 
addition of 0-2 , 'j 0 (1 jicr cent, of ealemm hydroMde.’ 

The high mcltmg-point of lime makes it diHieull to determine its 
^aIue with accuracy. Huff and his collahoralors** foiiml that under 
reduced pressure it had not melfeil at 2I'.5()'' hut that it volatilised 
readily above 2000' ('. Kanolt gave the i.icltiiigqiomt as 2.572"’ (.'. 1 8\“ 
The boihng-pomt of lime at 700 mm. is n<‘ar 28.50'’ C.*® (’onsiderahle 
volatilisation tnk<s place at 1500’ (’.** The latent heat of fusion is 100 
.small calories jier gram.*’* 

The niolecnlar heat of ealemm oxide at 25.52"’ (’. is 1 l-S eal. or speeitie 
heat 0-212.*^ Laschtseheiiko studied the change of speeitie heat with 
temperature at lower tenijRTatures.” He found the value 01 72 eal. 

' Mathoy, V S A. I'aU-at, (IK8.'0 

* K(»r details of recent improvements in tin- miuiufaetiire of lime, He«‘ Meado, 
Ohem. MH Emj , 1920, 23, S41, «7:i, 929 

® Brui^elrtmnii, Zeihch anal Chtm , 181K1, 29, I2H, rdliol, .Inw ('him PIujh , 1847, 
(31,21, 115; .Schroodoi, Poj/j/ .l/owfew. , 1874, 4.52 , .Moissaii, Tom/j/ rend , l\)02, 

134, 136. 

* Haro, Phil. Mag., 1802-1803, 14, 238, 298, Ann ('him Phys., 1803, [IJ, 45, 113 

Mouwan, .Ititi. Chim. Phyfi , 1902, 17J, 26, 280, nee .Oho .joine, Compf rend, 1901, 

132, 1117. 

‘ Day and Shepherd, J. Amer Chevi, >S'oc , 1906, 28, 1089. 

’’ Biiigelmann, Zeitscb. anorg. (Jhem , 1908, 59, 248 * 

" Ruff, Seiferheld, and 8uda, tbid , 1913, 82, 373 , hut in an earlier determination 
earned out in nitrogen Ruff and (Joeeke, Zeifvh angew ('hem., 1911, 24, 1459, foimil 
1995° C. 

’ Kanolt, Zeitsch, anorg. Chem , 1914, 85, 1. 

Ruff and Schmidt, ibid , 1921, 117, 172. 

“ Thompson aYid Lombard, Met Chem. Eng , 1910, 8, 682. 

Washburn, Trans. Amur. Ceramtr Hoe., 1917, 19, 19.5; see J. Hoc. Glass Tech., 19l7 

Abs., 136. 

»» Wartenburg and Witzel, Zeitsch Ekklrochem., 1919, 25, 209. 

^ Laaohtciohe^o^ Compt. rend., 1908, 147, 58. 
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nt imr (', 0 LSI ill ;{7<L f<^ 100' C., O lOO at Iir>' and thereafter 
11 ^rii(lii}il iiiciease lo 0 lO.'i ,>00' and ()S0“ (' IL* coiiehided 

thill I he liisfd liiiic had iin<l( in(jne tiaiisldriiiid ion helween HH)'' and 
ILV (' , iiiid Ihnl the luat ol I lansrorinalion ’v\as 0-‘2S0 (al. per <rrani- 
iMoIeeiile In eoiineelion with this an nliserv iition of .Moissan’s niifjlit 
he riictil loiK (I ' IIc' moiinled some eiiliiciil ervsials of lime m (aiiiida 
halsam, iuid foimd, si\ months later, that they had hroken into 
liaymuits wliieh fiohirisid hi*hl lie reniihlcd this as e\ idene(‘ of 
dimorphism Olhei mdiealions have iilso been obtained of a transition 
point liehveeii tOO' and ISO (' , fiom a hne-<jiamed porous foi m show- 
m^f slinlil double lelraetion at l(n\ tempeiatures, to a enbie form at hi/^li 
lempi'iiilmes - 

'i'h<‘ i<‘i)eti\it\ of iim<‘ with nim-metiils and metals hits b(‘(‘n stiidu'd 
b\ Moissiin.' Khiorme leaels with <‘aleiiim oxide in the cold with the 
piodiiel ion of heal ainl liohf. (‘<denim fluoride is formed and owj^eii 
yiv en ofl. Of her non-ni(‘liils ie<|mie the an! of heiil Chloi me at S0(t ' 
will |)ailiiill\ ieplae<‘ o\\iien.‘* Sulphur, aisenie,' silicon, boron, iind 
titaiinim also leael Carbon m the electric furnace foims first ealeium 
('ill bide and carbon monoxide*, and then, in the presence of c'xee'ss ol 
liiiK', the latlei is ledueed bv the* eaibide produem*; metallu' eiilemm. 
Man\ of the metals, e\ < n jiliitmum, reduce* lime loii <»n*ater or less extent 
at ii suniei(*ntl\ Ini'll t{*mperiiture. Anhvdious ealeium oxidi* will not 
jcael with the (linVrenl acid eases, hvdiO(*hlorie iieid, <*iiibon dioxide*, 
sulplmi dioxide, etc, m the eold, liut on heiilin;^, re.ietioii tiilv(*s 
place.'* 

\ leiioii loiind that in the presence* of lime*. e*arbon leaeleel with 
ste*am at a lowe-i temperature than when alone*, pieieliieine h\(lrof»e‘n. 
met bane*, and etinlene, the propoitiem viir>iiij^ with the* amount and rate 
of How eif the* sle'iim.'’ 'I'liis piobabix has a be*iiime on the* epiestie)n of 
the Ibimation eif natural petieileuni. 

When healeel m the* e»\vh\ elreif^en fliime*, ealeiui]i eixiele* e*niits ii 
brilliant while* lif'hl, the well-known linie'h^ht. Cnde*r the* mlliie ne-e* eif 
the* Ciilheiele* iii>s it f»iNes iin eniingi*-v(*lle)w fluoreseene'e* ^ Sehmidt 
etbtameel a phe)sj)hore'se*ent e*ide*mni oxiele by /^rmelinj' U|) with a sniiill 
epiiintity eif one of the folleiwin^ substances : seielium e*hloi*idi‘, Ihieiriele*, 
and phosphate*, e'ateimii and ma^ne'siiiin fliieaiele*, lithium phosphide*, 
potassium h\dre);re*u phosphate, anel potassium beirate, addmo a nitrie 
aeiel soliitiem of bismuth, (*op})er, maiif^anese*, or leiiel, and healiiifr the 
whole te) lediu'ss. It then ]>hosphorese*ed after exposure lo light. The 
peisitie)!! of brighte^st phosphoreseenee xvas at a shorter wave-length 
Ilian 111 e*ale*ium sulphide* and se*le*nide.^ 

C'aleium oxide liissohes m fused (*ale*ium (*hle)riele, one molci*ulc of 
the oxide saturating se\e*n of the e'hleiriele.’^ 

'■ lot nl. 

“ So'.iimii, IL)sU*ltor, and Au*rwin, J If n't/! Iriid tS'n . 5, 5(».> 

'' Travt Chn» Sor , 1891,65, I 

* Soiiliciiiin, Auv Chtm Pliif/f , 1830, [2), 43, 412 

’ Tntnt Vhem Sor , 1893, 63, 821 , litr., 1890, 29, .>77 , Sohuniann, Anualen, 

1877, 187, 2S0 , Ifinibnuiii and Wittieh, lici , 1880, 13, Ord , Sc huldl'^e'henkf), Jhngl. 
poly ■/ , 1872. 205, 34.-), \c)|^i‘|, Jnhreshei , IS.’iS, 120, Uaouli, Compl inid,, 1881, 92, 
189, Kolb, ihtd , 1807, 64, 801 

Vignon, Cinnpt. tend . 1911, 152, 871 

’ C'lookew, hor. lioi/ Soc , 1881, 32, 200. 

“ Schmidt, Ann Phifitik , 1920, (4). 63, 204 

“ Anidt. , 1 IK) 7 .' 40 , 427 ^ 
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IJy heating the dnuhle eailionate til' caleitiin aiul lithium an iso* 
morplious mixhire ol Iiiik' aiul lifhia, cin '. tallisinj^ in rej^iilai ocl.iliedra, 
can he obtained.^ 

A double oNidc ol c.ilcnim and l(\td is loniicd b\ <liss<)l\ Icatl 
o\id(‘ III boiliii;' liin(‘-\\al('i and .dlowin^ In 1 1 \ st.illisc.-' The solnlion 
blacki ns \m)oI. 

Calcium Hydroxide, (]a(01I)^. Vmoiphous (|uielJnne iciiets 
\Mtli \\at('i ^Mth eonsidi lable iis(‘ ol t(‘m|)eiatiirc ^ind \ lelds e.iliiimi 
h} dioMile as a ill \ powdei ol’i.ithei moK' Ih.in Iwiee ils \olmin J'he 
|)ioc(‘ss IS known as skikint* " TIu' niolecni.ii hial ol s<iliilii>ii ol" 
caleinm oxidi in watei is IS 12 I'al ' 'J’he heal ol solnlion ol ealeiiini 
h\ dioxide is 2 7!l Cal , and I heii'l’oie I he Ik a I of loiniahon liom ( aleiiiin 
oxide and walei is la .‘{.'i Cal 

When till' oxide lias been slioni>|\ ealenied the lale ol leaelion wilh 
walei IS \ei\ inia h l(‘ss. Moissan obbiinui a sani|)l<‘ ol liisid lime 
which was piaeliealh iinaiiis'li'd b\ twenl\*loin horns' nnineision in 
water, aJtlioii^li .iltei siw i nl\ -I wo lionis eomplele 1 1 aiislm nial ion into 
hydroxide had laken place Theic is also a sinni.ir lelnelanee lo iiael 
with diliile acids ' 'riic \ilocilv ol icaction is liiilhii aflieteil bs I he 
picscnci' ol lornan subslaiii'cs '• llulioeliloi ii* and ml i le a< ids. ani- 
niomiini, ealiinm, and baiiuni ehloiidi's, aielii* aeid, lactic acid, and 
alcohol, b('ha\e as aeeeii i.itois, and bone acid, eauslic jiotash .nid soda, 
caleiimi eliioniaii', polassnini dichiomalix aldiinde, i'heeiol. <Mne 
sii^i^ai, and ;^ia))e siinai. as lelaidtrs II is eas\ to iindersland the 
Jiieicasc ol late ol" slakinj^ in piesi-ni e ol an acid, which w ill li nd to In ni^ 
the lime into solution, and the i(‘taidation b\ an alk.ili, which lends lo 
diminish the sohibilitN , but the n laidiiiji ai lion of siiyai anil j,d\ eerol, 
lor I'xainple, which dissobe the lime, is not so le.idiK i xplanied It 
mifrlil |)ossibl\ be due to the I'acl tli.it siicai and ifluiMol an* 
liif’hK h\di,iled in solution, thus diiiiinislnnj; coiisnlciablN the eon- 
eciitratioii ol" iiei' watei in the liipud, and conc('i\abl\ the late ol’ 
icaction also. 

The piesencc ol" a lai^>(' ipi.intilv ol water also rcdiiees the velocily 
ol icaction, |)robabl\ b\ keepme tin tcmjieraluie down. 

'I’hc liydroxidc roiinid b\ the slakiii}* ol liinc is a white amorphous 
powdi r ol dcnsil) 2 ()7S " It isalso oblaini'd as an amorphous prccijiilalc 
by the action ol an alkali on a sohibli c.ili mm s.ilt. Since the h\ dioxide 
dissolves. in water with the evolution ol" heal, Ihc solubility diminishes 
with mercasc ol" 1 cmpciaturc.^ Hv hcalmf^toHO C. a solution saliiralcd 
in the cold, the hv dioxide cryslalhscs out iii small tiansparc iit hcx.i^'onal 
prisms of density 2 2;it>." The same crystals may also be obtamcii 
bv evaporating the hvdroxidc solution under reduced ]>n‘ssur< at 
28°-30" C.>« 

liy ealcmation the anliydious cahiiim o.xide may be again obtained. 

• 

' Lcbi'iiii, Cwi/i/y/ tr «// , 138 , i(»ll 2 , l«« ('him /Vc/>. , l!Mr». jH], 6 . 4:J:i 

- IJiTtliollct, .'!«« Vhon rhi/t , 1 1 1. i, ‘>2 

® Cava/.zi, (lazuUn, 11115, 45 , 1 , 52!» 

■* (In Forcranil, Cwmpt mid , 11)1 1, 152 , 27 , aiHj iilhc; 'riidiiiicu. Jin , IHs.'l, 16 , 2013 

' Sir aNo (l.iiiliiT, Conipt mid , IHi)!). 128 , '.13!), 

* lliililiiml, Z(iliii.h aiiox} (Jlmit, 1H9!I, 21 , 2 H 

’ Filhol, .IwH Chilli , 1817, |3], 21 , 4I.> 

* Tii’hbi'ruf, Cheni News, 1871, 24 , IU9 

* Laitiy, Ann Chun Phiji , 1878, |5J, 14 , 145 

“ Seliwanov, ZeiU'<ch anor,j. Vhtm , 19U, 85 , 329 



dissociation temperatures for different pressures have been 
I"' determined.^ 

TfniiK'rrftiiif, °C ;iW» \m 408 428 448 408 488 .007 .027 547 

Mm nu iciiiv . 9 2 17 1 :il .0 55 92 149 234 355 520 700 

Discordant values for tlic solubility of lime in water have been 
found. Aceordin^r to Lamy, the value depends on the temperature 
of jireparation and source of the ori^jinal calcium rixidc, and on the 
method of slaking.- The following values have been obtained for the 
solubility ol a lime prepared by igniting in a platinum dish, in a miilllc, 
a very pure specimen of ealeitc '* : — 


'rcm|M‘iatiii'', ' (' 

(iiams (if Walci to 
dinholv(‘ 1 pi am CaO 

'IVinjMM.ituro, “ ('. 

(bams of Water to 
dissolve 1 pram CaO 

2 

70H 5 

to 

988 1 

10 

780 H 

50 

1083 0 

15 

SOKl 

00 

1179 0 

20 

«26 t 

70 

12718 

2,5 

SG8 7 

80 

1308 1 

;io 

908 2 

1 



The solubility is reduced by tlie presence of alkali bydroxide to a 
gn'ater extent than is accounted for by eleetrol> lie dissocial ion,’ 
This lias a bearing on the eaustieismg of alkali earbonales by ealeium 
hydroxide, this reaction Ix'ing more complete in dilub' than in con- 
centrated solutions.*^ The presence of alkali chlorides increases the 
solubility, except in concentrated solutions.^’ In the ease of ammonium 
chloride theie is proliablv a complex salt formed, ‘ 2 NII .(K'afOII), or 
(Ja(NlI.,).,Cd 2 ll 2 ().’ 

C’aleium hydroxide is also soluble m glycerol ami in sugar solution.” 
The crystalline hydrate is less soluble in water and sugar solution than 
the amorphous form.'’ 

The, electrical conductivity of ealeium hydroxide solutions has been 
determined.^'’ 

HCi A transparent eryohydrate is obtained by fiee/.uig lime and water. 

whoil/>hiiHton, Zeitsdi phifsihal C'fum , 1908, 62 , 330, .neo hIbo ./ Aincr Vhem .S'oe., 
position 1 3f37. 

than in <'</• . Coinpt , 1878, 86 , 333 , bcc alw) Mabon . J and Trand., 
I'ol Hori'.fHd, Zri/.irA IVr RvhcnniH /wrf , 1897, 817 ; (Guthrie, 7. 6 V 

I me mm jo, 223 ; HAasdino, BvlL Sor <htm . 1903, |3], 30, 9.30 
the oxide satia^iysoii, Tr(inj>. Ohein Sor , 1908, 93 , 1707 , sw also tlaslnm. Caliiigaort, 

‘ Moi.snn, In, nt ’ ^^^4, 46 , 308. 

■' \ Hodlundpi, ZeUjfch angeiv Chem., 1904, 17 , 1619, and Luoas, 

* Soiibciian Irni Novotny, Zeitsch. aiwrg. Chem, 1900. 51 , 181 ; Weg- 

C'ftom ^V?V j . 

)S-7, 187 , 28«. UimbMim ‘*”’ ,**’ t* V v/"' ,12^’ 

polij J , 1872, 205 , 345 , '.V ^^kyo, 1920, 23 , .303, 8 Pe Chem. Abg., 

V^puon!^’(i^ mi, 152 , 

’ Crookes, Pror. Roy. Soc., 1881, 32 , iJ*'' 

® Sclunidt, rhystk , 1920, ^ 4 ], 63 , , „ • 

® Arndt, liet , 1907, 40 , 427 ' j. 







Thi mfeftirtg, thfs deposits elongated hexagonal plates, or small rhombic- 
plates of the scmihydratc, 2 ('a(()Il),.Il 20 , loss soluble than the simple 
hydroxide and very unstabh^ passing into I lie amorphous form when only 
slightly heated. ‘ Soliwanov considorod that the amorphous hydroxide 
is a polymorido of ('a(()Il )2 oonlanung not lower than four atoms of 
oaloium in the molecule.* 

Hy slaking the oxide with excess of water at tiO' and then cooling, 
a hydiaVe. t'a(()H) 2 .Il >0, is obtained. Tins eompound loses water 
even in the cold and is eoniplet(‘Iy eon\ cited into ('a(()II )2 at 70' I'.- 
Aoeordmg to rei'cnt work, liowever, this livdrale does not exist.* 

Hy eonliniu-d addition of water to slaked lime, “ milk oriiine,” a 
suspension of iiine in water, is ol)tamed. Kosmann supposes that a 
sueeession of hytlrates is thus produced iii tlieorder, ('a(()II).„ ll('a(OIl 
Il2(.a(0Il),. 1 1, (a (01 1),, ll,(’a(()Iii,, H,(*a(01!),. IM'a(OIl)„ and 
H;t a(()ll)y ‘ Kolilseliutler and Walllur, on sliid\ing llie rale of 
sedimentation of (Mlemin hydroxide m w'ater, eonelnded Ihiil, in tlio 
formation of a true solutuui, an intermediate eolloidnl state is lirst 
obtained.' Two x.irielies ol eolloul.d ealemm hvdiovide liavi' Ix-eii 
obtained from a ealeiiieii dolomiU 

t’nleium oxide forms eoinpoimds with the alcohols which have lu'cn 
deseiila'd as elh>l, propvl, anni, butvl, and glyeia-yl aleoholat(‘s 
respect i\ el\ Compounds w itli mannitol an-also obtained.'* Aeeordmg 
to de Foreraiid tliese <iie addition eomp<)iin<is and not true aleoiiolah’s - 
for example, K'^ll/llI.JK'aO.'* TIu latter is also formed by the a<‘lion 
of absolute ellivl aleoliol on e.deiiim carbide m a sealed tube* at ISO I'."* 
('alemm hydioxide forms several eiysialline addition eompoimds 
with [jlienol, eonsistiiig of one nioleenle of hydroxide with 2, f, and (i 
molecules of phcMiol resjieetivelv. 'Fhe first also forms a senes of hydrates 
of eom|)osili()ii 21 a(()Il)^. K',ill^()ll.(2n ' 1 )ll^(),'‘ where “ ii " may 
liavennv v aliie from 0 to t. Th\ mol gives similar eomjmunds. With 
mlro-plienols, however, mtio-phenates are formed owing lo llu* giealer 
aeiditv (hie to the presence of the nitro-group.’- 

Uses of Lime I'aleium oxide may he used as a drying agent. 
It IS more rapidly exlimisted than fused ealeium elibride, but, owing to 
its greater porosity, it is inon- ellieienl 

t’aleiuin oxide slaked with .sodium hydroxide solution, and known as 
soda-liine, is used for various ehemieal operations m place of either 
eonstitiicnl alone, being much more ri*aeti\'c than these. It is appar- 
ently an ellieient absorbing agent for all manner of gases,*’ for example, 

‘ ScIlw.iuiA . lor < il 

=* Hcr/ffld, /or r,l , Kniv/.Chnr, ;?(■<(, I WS, 22, 

•• UrUslfiin, ('.iliiijj.ifi L, .111(1 Tuvlm, for at 

^ Kosiriiuin, HUkiritchfm , i!l2U. 26 , 173 

•’ Kolilsi hiittiT and Widther, tfiid , 19111, 25 , 1.79 
* \()n 1 Ihw'uai)]), Kollotd Zi'i/vr/i , 1922, 3 I, 197 
’ Do-^itrcin, An?i. dhtm PhTft , iyS2, (5J, 27 , .5 , 

Ubaldiiii, tliid , 18.79. 13J, S7t 
■ dc F(jrcrdi\d, Com jit rand., 189.7, 120 , 737. 
de Forcrand, t 6 vf , 1894, H9, 1266. 

” Seliwaiiov, ./ RuAi Ptiy’i. ('hfvi Sor , 1913, 45 , lo3.7, see J, I'hrm. Soc , 1913, 104 , 
Ab». 11 ,,322. 

“ Frit/.,sch(', AnnaUn, 1S.79, ZIO, 1.70, (loddaid, Tran»,Chpm Soc , 1021, zip, IlKI. 
Dover and Marhdfii, ./. .fim’r rArw. X'or., 1017, 39 , 1609, spo alao Fo(it<‘ and .SrJioly, 
i 6 id., 1911, 33 , 1309. 

Guarc«chi, Ala .-Ice Torino. 191.7 16, $*» "t* 263, 372, 95V, \09V‘, »wi.!. 
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rarbonyl ('liloride, sulpliiirottcd Iiydrof^en, aiiliDiony and arsenic 
hydrides, plio.sjjlionis \a|)<)m, eyann^fen, eyanofren cldonde, bromide, 
and iodi<l« . juid so on. Soda-lmie lx comes meandcscenl when a mi\tuiv 
or.sulplimetN d liydni^reii and an is passc'd over il, owinj; to the \ i^rorons 
reaction wlmh it pioniotes between them, (inaiesehi su^^^ests that it 
e(»ntains eoMij)onnds sneh as ( idONa).^, OIlCaONa, oi OlI.CaO.CaONa. 

Lime IS \ei\ (\l(‘nsi\el\ emploved m af^nieultiiK Its \ahie to 
the soil lines not he onl\ m tlie tii'ul ralisation ol‘ tiu soil acidity. A 
eonsiderabh amoifnl is adsorbed b\ the soil eonstihieiits eithei plivsie- 
ally oi elieniieallv , and Ibis .ulsorplion appeals to be lollowi'd bv an 
ineieas(‘d adsoiplive jiowii of tlu‘ soil tor olhei bases lor e\.iniplt‘, 
potash and aiiimonia.^ Liim also impio\(‘s the j>b\sieal eondilion ot 
the soil and throws out ol‘ action .ilmmiimm an<l non salts vvlneh mieht 
be injinions to the plants Theie is appartntlv an optimum vahii loi 
tlu' latio ol ealenim o\idt to nia^iKsnim o\ide m the soil.- 

The most ancient use of lime is ni the jirodiietion of lime mortar 
(see ( enient ) Oidinai v binldiiie nioitai is composed o( lime and sand. 
In model n piaelKi one volume ol lmn’ is used to three ol a^^re/^nite 
In old moi tai s t he av eiai;e ajipears to have been one to one. K\pei nnent 
seems to show that the ialioonetotwo^uv<-s the strongest moitar.’ 'I'lie 
lime slionid be Ian Iv i leh and easily .sJal\(“d, and (he sand ibi nied ol sliai p 
an^MiJar plains liei* Iroiu hmmis and elav I'he lini<‘ is slaked belore 
nnxinjf t he inorlar, w Inch is applied as a paste. The process of hai dennii* 
consists (‘ssent tally lu the diwin^f of the moitai. Theie is not suHieieiit 
water pri'senl to pioduee a ervstalhne eahamn h}(lio\ide. Wheie this 
is lound, it K'siilts I'loiu aeeideiital outside inlluenees. Theie is. lu vei- 
tlieless, a tendeney now to consider that the Ibimation of erv stalloids 
has a bearing on the haidemnj' of mortar.’ 

TJie inert material, sand, jiiev'ents the foimation of eiaeks m th(' 
mortar dm me (Irvine, Loth by ivduetion ol the illative* slirnikaee and 
by the action ol eapillaiy forces at the smfaee of si'paiat ion bet w (i n the 
sand and the lime. Ai the exposed surlaee of the moilai ii second 
reaction lakes place, which is not, hovvevei. eonsuleied to be essential 
to the haidi'inn^ pioeess. Caibon dioxide is absorbed, lesiiltmn m a 
network ol eloselv inteilaei'd eivstals of ealemm eaibonate, which do 
not e.xlend beyond the outei la>er, as can lx* .seen l)\ exannmn;^ the 
mortar Irom old Kotuan bmldinjfs. If this has been undislinbed it 
still consists mainly of ealemm hvdrovide. It was fornieilv .siijjposed 
that the hardemn^ of mortar is m part, due to the gradual formation of 
ealemm silicate, Imt this vk'w is now diseiedited. Siheat('.s are found 
in old mortars, but there is no ivason to .suppose that they were not 
pre.sent in the original lime. 

It IS not advisable to use dolomitie limestone for the maimfaeture 
ol lime lor mortar. The hydration of the magnesia only takes plaee 
slowly, and may occur after the mortar is m position, and by expansion 
cause disintegration.*'^ * 

^ Hagor, J.J Uvidwnlucfmfl, 1017, 65 , 2*0, woe J. Chem. ,Soc , 1918, Atis j , 114 , 247, 
Kusbell, Apj). Chan llrpoif.'t, 1920, 5 , 370. 

* rfiultfi* atitl llipp.!, J f Landwirhchaft, 1920, 68 , 4, see Chew J 6 . 1 , 1920, 14 , 3440. 

‘ bibdiii, Faniddij i'^ol , 1919,14,31. 

bibitin, loc (il, , von (ilasenapp, V/mn Zeti , 1914, 38 , ."VSH 
f'‘ 1*01 fuitliiM* mforniatiou llublaiul, Abcgg.'j Unndbuch d uhohj ('hem. (S llii/ol), 
Li‘ip/.ig, 1905, 11 , 2, Mortel, p 180 , l)i\sfh, The Uhemxsirii and TejttmjoJ Cement (E. Atnuld), 
1911, ch. 11 ; Dancastoi, Lvms and Ceinent.t (t'rosby Loekwood & Son), 191G. 
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Lime is employed iti the purification of su"ar throufili the precipi- 
tation of impurities and the internadiate foimation of mono-, di-, and 
tn-ealduin saeehaiati*. <dthoii},di the use of stnuitia has siipeisedcti that 
of Iniu' in the tiealmeiil of inolassc's ' 

In th( |)nnliealion ol coal^^as. e.iihon dioMih*, siilplmiel led 
hvdioj^en, and earhon hisnipliide an* ieino\ed l)\ linu' 'I'lu rt‘ is some 
(Iduht as 1(1 the naluie of the leaetum with tlu* caihon liisulpinde. 
A eeitain amount of o\\o(>n is n(e(ssar\. Inil too, much is as liaini- 
lul as too little. \ ( l( \ “ ii-^aidul calcmni h\ diow h\ diosulpliide, 
I a(()II)(SIl), as the aeli\(‘ eompound. Imt Lewes ‘ snon(sl(d Ihal the 
real a^( nl is ealcinm disulphidi, t aS^. loimed liom lhi‘ h\ drosul|)lude 
l)\ OMdation, lnc.msi' this would le.idiK comlmie witli cailion hi- 
sulphide to loim a pci tlnoeai hoiiali' ' This ( \plains the neecssils lor 
o\}{l[«n. K\(css owj^cn eaiiies llu' oxidation liirlliei to thio’>>nl|ilial(', 
and so pn M ilts the leadion \n ohsci \ alioii l»\ Walker ’ ma\ lia\e 
<1 Ixaiiin^ on (he (pKstion ol the ahsoiption of eaihon hisulphide. If 
the latter he shaken with milk ol lime, oiaiioe er\stals ar<' obtained, 
'i'heii eomposition i oi K'sjionds to the loi inula ( a( S , ‘JC a(()ll )j (dLO 
Lime IS emploM d inlhehathii mdusli\ on .leeount ol its de|)ilator\ 
jiowei.'’ It IS also us(‘d foi the eaiistieisniii ol alkalas" Lime ails 
as a elaiir\m<» a;;enl foi sewage h\ eoa^ulalni/i the colloids, and in 
phainuuN Imie-wahi mixid wilh hiisicd oil \ lelds the so-called (miioii 
oil I'oi th( iK'alment ol hums 

Calcium Peroxide, (laO^. Caleium peioxide was lirst ohiameil m 
the h\dialed loim, CaOj.HlI J), h\ tin action ol h\dio/ 4 en peioxuh on 
lime-walei ^ The anhvdioiis (ompound ma\ he piepaied h\ ^feiillv 
luaitin^ this oetah\ (hat(‘,‘' oi In diMii^ o\ ( i pliosphoi ns penloxiih m 
a desieealoi DisMieialiun hejrm-,. howevei, heloie delndralion is 
eomjilete ll\ pre( ipital ion liom \ei\ ( oik enl laleil solulions neai 
O' ( ,, and cM'ii fiom \er\ dilute solutions aho\e K) I'., the anlndioiis 
peroxide iiiaN he ohlamed without the mteimediate lorination of IIk* 
h\ diale " 

.Jaiiheit took out patents lor Ihe jiiodiietion ol <’aleium peioxah*, 
Ol Iheal/.it. ' on a eomnideial scale hv eonipiessm^r a mixluie of 
78 p.irls of sodium [leioxide wilh 71- jiails ol di\ hvdialed linu* into 
edmdeis of j()0 nr.inis each TIuse, h) snhseipient treatment with 
iced water, ^nv\e a precipitate ol ealeniin peioxide wlmdi was washed 
and dried, lii.st at ordinar\ tempdaliiies, and linall) at 100" ( 

Aceord]ni> to X’auhcl,’® when dr\ ealeium Indroxide is e.xjiosed to 


' lli'iua, TIh Muinifadux oj Siujai jnun iln ('iiin ami lint | l..(itii{iii<iiis, ti i'n ), 

J!) 2 U (Miiii()f.;i.ijili'' (111 Indusliial ( 'In iiiisO v ) , Maitiii, hidu^livil (hqoiH< 

(I'i(>sIj\ IjixloOKul <JiL Sim), I'ait I , l‘12(j, |> l'»a, '1 ')i()I|h-, PkIioikiii/ of Ajipliui f'liuinstrtf 
(Loiil'niaiis, (Jii'cii &. (Jo ), 1013, \ol \ , i* 211 
- Vfl('V, I'niiii Clum , IBS’!, 47 , 178 

' Thorpe, Jhctiona}if of Applud ChtmiMrq (Lonniiiau*', Onca & Co), 1022, sol 111 , 
p. 337. 


( j 161 ih , Cotiipt rend , IST.'i, 81, 282 

' Wulkei, Chem Mein, 1874, 30 , 28. 

" Thomp-son, App Chan. livpoTUi, 102(1, 5 , 302 
’ Soo Vo] It of this 

« ’J’hoiianl, Ann Vhm ChiiH , 1818, (2), 8 , 3U0 
" SolKMie, lla , 187.3, 6 , 1172 , Annnien, 1878, 192, 2.77 • 
dt ForcMiul, Cunipl rend, lOOl), 130, 1388 
^ Jiiefienfeld and Notlehidim, 'Anttch iinorj ('han , 1014, 89 , 40.7 

English i’ateiit, 17400 (19(K)), llermarii Patenlh, 128017, l.i27U0 
Zeii^ch. ar^ew. Chem , 1012, 25 , 2300, J prakt (%ni , 1913, [2|, 88 , 01. 



Pie air for some days, a small amount of peroxide is formed. To this ' 
he ascribed the corrosive action of lime mortar on lead, and the disin- 
fecting power of slaked lime. Dit/ eontradicds tliis.^ 

' Tiic molceidar heat of formation of ealejum peroxide from the 
. oxide and oWT^en i.s "> l-;i Cal.,^ or from its elements, 157-37 Cal.^ 
When dry it may be lieated up to 200“ C. without decomposition. 
Riesenfeld and Notli-bohm stiidu-d the variation of dissociation jircssure 
with tempera 111 re. \ Tliey observed no a|)preeiable decomposition below 
220,“ ('. U|) to 27.3“ ('. the fleeomposition was slow, but above that tem- 

perature it lu'came rapid. At 2.35' the pn-.ssun- was more than 190 
atmospheres. They eoiieluded that the jirodiu-tioii of ealemm [leroxidc 
by the direct ai'lioii of oxygen on lime would require pressures un- 
attainable in jiraidiee. 

Calemin peroxide is very littli- soluble in water, vvhieli decomposes it, 
and insolulde in aleoluil and ether. CompI<“te dei-omposilion in aijuoous 
.solution IS only effected afti-r boiling for several lioiirs.^ 

Conmiereial ealemm peroxide without water of erv stallisation con- 
tains 00 jier cent, peroxide, the rest being lime.'' 

(alviuin Petoude Orinhf/drate, (aO.^.Kll/). 'J'he |)joduetion of 
this eoifnioimd by Tlienard has already been mentioned. It is a white 
erystalline body, and may also lie obtained by tlu* action of sodiinn 
peroxide on a solution of a ealemm salt, or liy pouring an excess of lime- 
water into a solution ol .sodium jieroxide slightly aeidilied with nitric 
aeid.® I)e Foreraiid stated that the ]ireeipitaled oelahydrate always 
contains lime unless more than two molecules of hydrogen peroxide to 
one of lime are present. The molecular heat of formation of the oeta- 
hydrate is 2 t-OOO Cal.’ 

Calcium Peroxide Dilnjdtate, Ci\(),^.'2\\.^i). - l)e Foix-rand obtained the 
dihydrate by preeijiitation with liydiogen peroxide above 20 C., but 
considered that its formula should he Ca(0[l).^.ll.X)2 ' Aeeoidmg to 
V'on Foregger and Fliilipp,^ the dihydrate is formed when eomniei end 
ealeium peroxide is added to water, hut it then undergoes intramolecular 
change, 

Ca()2.2ll20 Ca(Oll)2.H2()2. I 

I)e Foreraiul gave (1-815 Cal. as the molecular heat of Ibrnialion from 
the anhydrous peroxide. 

Uses of Calcium Peroxide . — Calcium peroxide may he emjilo^'cd with 
sulphuric acid for bleaching cotton-seed oil. Von Foregger and Fhilipp 
suggested that it miglit prove a useful sterilising ag<*nt for milk. 
Freyssing and Iloche proposed the use of “ Biealzit ” to sterilise drinking 
water. The action is not very rapid, but is eoiu})lete after two or three 
hours. According to Hetsch, under certain conditions it acts more 
« 

^ Iht'iL, J. prak't. Chem., 191H, (2], 87, 208 ; 88, 443 ; Zeibdt. atigeio. Chem., 1913, 26, 
596. 

* do Forcrand, loc. t»(. 

* do Fi»rorand, Am, Chuih. PhyM„ 1908, [8J, 15, 433. 

* Rieaenfold and Nottobuhm, ZeiUch ammj Chem, 1915, 90, 371; sou also Fischer , 
a^id FluetEO, ibid , 1012, 75, 10*. 

^ von Foroggor and Philipp, J. Hioc. Chem. Ind , 1900, 25, 208. 

* Conroy, J. Chem. Hoc., 1873, 26, 808 , Chem. Neii'fi, 1873, 27, 29. 

^ de Forcrand, Cmnpt. rend , 1900, 130, 1308 

* von Foregger and Philipp, loc cit. 8ee also Riosonfeld and Nottebohin, loc. 1 



snergetically than hydrogen peroxide, and 0-5 grm. per litre is fatal 
yphoid bacilli.^ 

Peroxyhydrates of Calcium. -Hy I lie action of concentrated 
lydrogen peroxide on calcium pero\id(M)ctaliydrate at low temperatures, 
{iesenfcld and Xottcboliin obtained a compound which they dcscnlicd 
.s a diperoxyhydrate, ('a02.2ll202-“ Hy slojiping the action al'tci a 
shorter tmu‘ a nionopcr(»\yhvdratc, C a()2.H202, is obtained as a heavy, 
faintly yellow powder.^ ^ 

Calcium Tetroxide, CaO,. Il\ licating the octaludratc at a low 
tcin|)craturc a yellow powder is obtained. On raising the Icmpcralurc 
still further it licconies whiti* again. Hicsenfeldand Noltebohm regarded 
tlic yellow as a labile forni of eah-nim perovide, and the white as lh(‘ 
stable form. Tran be and Sehiil/e, h(»we\er, showed that the vi'llow 
eoni|)ound is probably ealeium tetroxide, the composition of which, 
they considered, is best expressed by tlu' foiniiila l’at )2 O 2 . comparable 
with the ])olysulj)liides of ealemin. ‘ It ma\ be obtained liy simply 
filtering and drying the monopero\\ hydrate, or better still, liy heating 
the jieroxide oetabydrate with IlO pel cent, hydrogen peroxide on the 
Avater-bath until evolution of oxygen ceases. It can also be prejimed 
by digesting lineh pow tiered ealeium carbonate with hjdtogen peroxide, 
or by merely heating ealeium jieroxide oetahuliate willi watiT al 100’ 
When the oetabydrate is dehydrated ni iU(W) il takes on a shglitly 
yellow' eoloiir, jiiobably indicating the formation ol a little t(*tio\i(h‘. 
The latter eamiot be formed b\ tiealmg anbvdioiis ealenim ])eri»\ide 
with a(|ueons hydrogen jieroxide, and this leads to the eonehision that 
the oetahvdrate is iKressarv for its produelion, heeause only lli<‘ di- 
h\ (Irate is obtained liy the action of Avaler on the anhydioiis jn'roxide. 
When ultra-violet light aetsujion the jKToxide moistened with liydrogen 
jieroxide the tetroxide is rajiidly formed. It does not ajijiear to be 
obtained by means of an} other oxidising agent. 

The tetroxide forms a yellow jioAvder insoluble 111 w’ater, alcohol, and 
ether. When dry it is a eonijiaratively stable substance and can bo 
heated to 130" (’. Avithout change. .Vt 270" 200*^ C. the jieroxide is 
formed. On treatment Avith acid there is effer\ e.seonee, diK* to the 
evolution of half the total oxygen 111 an “inactive” form- -that is, it 
has not the oxidising jirojierties of nascent oxygen and hyilrogeii 
jieroxide remains m solution, hence the formula (’aOg.O^, eonijiaralile 
Avitli those of the alkali letroxides.^ 


CALCIUM AM) .SULPIIUH. 

Calcium Monosulphide, CaS.— (’aleium sulphide has been found 
in the natural state in a meteorite fallen in India.® It may lie prejiared 
by any of the folloAving methods : — 

1. The action of sulphuretted hydrogen od calcium carbonate or 
sulphate ’ at red heat. 

* S. and E. K. Huloal, Water Supplier (Croaby Lockwood & Son), lOU. 

^ Rieuenfeld and Nottebohni, ZetUich, anorg. Chetfi., 1914, 89 , 405. 

® Traubo and Schulze, Ber., 1921, 54 B, 1620. • 

* Traubo, ibid., 1916, 49 , 1670 

‘ Flight and Maskolyno, ibid., 1870, 3 , 39. 

* Sabatier, . 4 « 7 i. Chim. Phys., 1881, jOj. 22 , 5. 

7 Mojirlot. ihid.. 1899. fTI. 17. .510. 
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THE ALKALINE EARTH METALS, 

2. TJic iictioii of siilpJiiirktrd hydro^^cii on calcium hydroxide.^ 
The iraclioii bcj^ms a1 00 ' Anhydrous (‘alcium oxide does not absorb 
the dry ;4as al low teinjuajitures, bid at led lieal ;rivcs tlie snlphuh'.^ 
a. Tlie j-ediieLion orealeinin sulphate l)v earboii,'- ’ moist hydrogen,’ 
walei gas.' eaibon monoxide, ' or siilpliui.'’ Tins inetliod is tlu* most 
eotivi'iiienl leelniieall\ , i speeialK the lediietion by eailion. 

t 'I'lie action of siiljiliiir on ealeiiim eai bonale,'’ and on anh\ (Irons 
ealeiiim oxide at ipl heat in a eiirrenl of li\dr<(gen.' 

a. 'riie a(.‘lion of sodniin sulphidi' on ealeiiim eaiboiiate at led heat.^ 
0. 'J'he action ol eat bon bisulphidi- on (jiiieklime at high tein- 
fieialiires.'' 'I'lie last method piodiiees the jiiirest siil[)hid<‘. 

I*iir(‘ ealeiiim sulphide is white, but llu* eommeieial pioduet is genei- 
ally eoloiiied \ellow, or \ellowish red, b\ impurities m the original 
materials. It is usually obtained as an amorjihous powder of density 
2 2a, but b} fusion in the eleetrie 1‘iiinaee, oj In prejiaration throiigli 
reduction ol the snlpliate by carbon in I In* eh'etrie i'mnaee, brilliant 
eiibieal ei ystals of (haisilv 2 8 al l.r ('. are piodiieed.'" 

'I’lie nioleeulai heat ol formation Irom tlu* metal and solid sulpluii is 
Ot 8 Cal.,” liom gaseous sul|)hui 11 t 82 Cal.'- 

Calemm sulphide is stable in <iii, and iiKirc leadih fusible at high 
teiiipi i atures than the eoiiespondmg stiontmm and barium eompouuds. 

It is onl> shghtlv soluble in wat( i , 0 212 gi m dissobing m oiu* lit le 
al 20 C,," but il is leadiK liydrol\s(d with the formation ol the moie 
,sohible jiroduets ealeium h\droxideaiid ludiosiilphide.” 'I'he erystalliiK' 
sul])hide is more leadilv atlaekral than tlu* amoiphoiis eompoiind. 'I'lie 
nioleeulai heat ol solution is 0 8 CaM’ 'I'he sohibiht\ is gie.ilK m- 
ei eased by the |»it'senee of sulphuiel led h\diog(‘n Ihidiigh the loimatioii 
ol h\ drosulphide. Al 20’ and undt i a piessiiie of gas ol 700 mm., 
the solubilit\ ealeulaled as sulphide is 200 a gim pel litie"’ 'I’his 
affoids a means ol punl'smg ealeiiim sulphide b\ exti.ietmg the eiiidi' 
material with sulphiiietted liydiogeii solution uiuKr pressure m absimet' 
of air, and then preeijnlating purr ealeiiim sulphide b\ iemo\mg the 
gas from the solution al low piessiiies. 

C’aleium sulphide is a In-jiroduet of the Le Hlane jiroeess, and is 
treated for the ieeo\ei) of sulphur.’" 

‘ \ (‘It'V, 7'/fU/,s (7/nn ,'^0i , lKS.'i, 47, ITS WiiulU ./ Mot ( linn J ml , ISSH. 2, 122 
Oct/i'luH, Sihirnififn •. ,/ , IS22. 34, 12 

'* iJfitliici, [iiH Cltitii /Ve/'i , lS‘2:f, I2|, 22, ggT , 24,271, Kdiiutml JJoctiuciol, 

ISIS, [:{|, 22, 244 

‘ I Mf'CI, {iDHtllll, ISIS, 67, 7S 

•’ SlHiimici, f’ni/i/ Anmiliii, IS.31, 82, !{*», Ilolin.iim <iii(l MosluwilM'h, Bull Aimi 
Iml Miiiiiiij kmj , llMO, 5117 , s(.‘i Clinu Knih , 1501, 1 , 17.17 
« Srstim, lit I , 1S74. 7, 1251.') 

' Kin^tci, Boijij Ainiulm, ISllS, 133, 2 .jS 

'• Sfli( luci-Kcstnei, Ann <7mn rhii> , Iwil, [4J, i, 112, Dubiuntaut, Hull. Hoc. 
rhtin., JS(>4, 12|, i, ;54(i 

* Sellout*, Boijij Anruihn, ISbl, II2, 1515) 

Moiulot, he (it , (\)ni}it iimf , IS5)S, 127, 408 

IVikiu atul I’ralt, 'li-nins t'anulay Mw , lOOS, 3, 1711, Subatici fouml 92 (’at., Ann. 
Chun Bhijs., 1881, (ri|. 22, 5 

do FortTiind, .!«« ('Imn riii/.'^ , lUll, [SJ, 24, 272. 

'• JOoseiitold and I'Vld, ZniM/i nnortj (’ht.tn , 1921, 116, 218 

o Polouiso, .iH/i Chun Bhijs, I8G(I, [4|, 7, 172; Hoohaiui), ibid., 18H51, |1|, 16, 202; 
(51erinont aiul Kioimiiel, ibul , 1879, [.jj, l8, 189 , liosc, Btnjg .!«/(«/<'», 1812, 55, 415. 
de JAn'ciaiid, lo( cnt. 

Itii'St'iifeld aiiri tVld, he at 
o 8oe Vi)l. II 
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PJwsphoicstrnt ('ahium Sulphulc.- Culciiiin sulphuli- as iisiiallv pre- 
pared that IS. (‘(mtaiiimn a (‘(‘it.Mn amount ofimpiintN pliosphon’sets 
after (‘\p()sur<‘ to a hii^lit lii^lit tu some olhei exciting a»rut, siuli as 
eatliode rays. It wasiisid m \(‘r\ earl\ linns m Ihn ehanalian iitrs, and 
later lieeanie kiio\\n as C anton's jiliosphoi ns The pine eomponnd does 
not possess this propeitv, wlm-li is a|>|>ai(ntly associated \\ith the 
jiresenee of minute (|nanlili(s ol eeitam h(‘a\ \ metals, notahh hisninlli, 
eojiper, in.m^anesi', nickel, \an,nlinin. tnn/^'sti'n. moHl)d(“mnn. and the 
raieeaiths 'I'lie nature of tin nn|>niil\ afit-ets tin eoloni of thi* phos- 
})hoiesreiiee, and tlu' (jnantitx iidinene* s tin- mtensit\ , an optnnnm value 
hemg found.' The prc'scaiee nl a litth^ alkali sniph.ili' oi earhon.ite is 
apparenll\ also neeessar\.- 

Aeeoidm^' to ^^aenll‘,^‘ j)hosph(H’escenei‘ is eoiuhtioned l»\ the 
presenei of the h(’a\\ metal, <n phosiihoioifc n. in th<- loim ol a solid 
solution, th(' mt< iisits ineieasmn so loni^ ,is the solution is hoino^n neons 
'rin's would explain tlu cxistinee ol a niaximnm xahn* with mereasm^f 
<jiiaMlit\ oltheliea\ \ natal. 'I'ln snlnl)ihl\ is \ eiy small, hut mcK'asis 
with tempi latnre, so that the |)lu>s|)hoiese(‘nt sulphides are siqii'r- 
satniated solutions tempeiatme. dm.ition ol heatm|j;. and rati' of 
cooling hemir impoitant laetois m tian )ii( paiatam The piisenee of 
a (usil)l(' alkali salt is la\ouia))Ie. Ixe.mse it aids the solution ol tin* 
pliosphoioyen and hinders its se|)aiation dniini; coolin'; 

\’anmo and yannbnseh ' made a «*aiefnl stndv oj tin' faelois m- 
(liieiieiiif; lla- pliosphoiesemi; powei ol ealenmi sulphide or lh)Io^;man 
stoiK's The\ drew the jollowm<i (onelusions* Tla most lavoiiiahh' 
(|uanlit\ of hismutli loi I'xainple, as )»hosphoioj;en, is of the ordei of 
0 OOPUt.") ami pi 1 aim of snj|)hide \n .alkali salt ol low ineltinj;- 
pomt IS [)i I tei t hail one ol Inuh, .md it is jmssihle to nsi too laijfe a ipian- 
tit\, ‘J [)er cent of lilhnnn (aihon.di, loi nislanee, is hettei than 12 
pel ei lit. 'I’lie jilnsieal stineinre of tlu hna* used for pieparmj; tlu' 
sulphide (hv 111 at Ilia with sniphui) mllneiieis the limil piodiiel. For 
exampli', the oxide Irom the h\dioxide oi eaihoiiate is hetti'r than that 
from till' niliate it piohahiv mllniniis the amount of pols sulphide. 

A nnxluie ol the alkaline eailhs ai\is a mine intense phosphoreseenee 
than any one alone. The piopoition of suljilnn ina\ \aiy between 
12 and .‘{.‘J per cent , but with nioii the hmnnositx is considerably 
dinimished. The texture ol the siilphnle is mipoilaiit, if hard and 
stony it ' IS iion-lmnmons 'I’lnie is no eonneition Ix-tween colour 
plioto-seiisitn eness and |)hosphoies«an^; powii Finally, the jireseiiee 
of a rednein^r a};ent, for example t pei edit, starch, is ad\ antaj^eoiis, 
although lai<;er ipiantities nia> eoni|)lel( Iv ihsliov the phosjihoreseiaiee. 

Mourelo " oliserved that some speeiineiis of ealenmi snljihide eliaii^^c 
colour under the mihieuee of hj;ht .-md tliat, although the j)hospliorof;eii 
is also the jihototrope, this phototropie projierty is ajiparently iii- 

• 

’ Veini3iiil, ('ompt n iid . IKHb, 103, MM), ISS7, 104, .'iOl , Ann ('him 

Phy/i , 184S, i:tj. 22, 244, rend, IHS7. 104 , TmI ; Hiuninnhau^. dnd , 1907, 144, 

bity, 1040, Kowalski anil (Janucr, dnd , l'M)7, 144, K30 , l)(»iiau, Monntilt , 1913, 34» 1^49 

® Bccqiiou'l, dovipi )rnd , ISSK, 107, H92 , '1«* \ isht. iter Tiav rhini , 190, '1, 22, 133 , 
Hrot-oau the conli ir\ mow ('ompt rend., ISU."), i6l, 732 

* Waoritij;, j/sr/i phip^ikal , 1903, 44, 499 . 190.), 51, 43.7 

* Vanino anil ZiimbuHcli, J piakt t 'hem , 1909, |2|, 80, 09 . 1910, |2], 82, 193 
See also Mourcla 

® Mourelo, Atrh Sn phij 4 mil. 1908, |41. 25, 1.7. spc J Vhi'tii So< . 1908, 94, Ab,s. 
li., 140, Compt. njpl., 1914, 158, 122, 191."), 161, 172 



'^oependciit of the phosphorescing power of the eompouiid. The chang< 
m coloin- is coii/iiu d to the surface exposed to light, and no regularitj 
can he o])S(Tved hctween the colour assumed and the composition. The 
intensity of phototropy increases as the percentage of jihosphorogen 
diminishes from ()•! to O-OOO], hut hevond this it decreases and soon 
disap])cars. 

Lcnard and Saeland ^ regard j)hoto-electric action as intimately 
connected with the iihosplioreseenec of sulphides and as localised in 
certain centres winch arc also centres of light emission. Excitation by 
light or cathode rays consists in the loss of an electron from an atom 
of the foreign metal, and tlie resulting jihosphoreseenee is due to the 
reeombinatiou of the metal with electrons. In this connection Perrin’s 
view is interesting.^ He considers that eliemieal reaction takes place 
under tlie intlnenee of the exciting rays, ami that this is reversed in the 
dark \Mth the emission of energy as phosphore.seent radiation. 

The electrical conductivity of ealemm sulphide is affected by exposure 
to light, and there ajipears to be a eonneetioii between conductivity and 
phosplioreseenee.^ 

Observations on phosphoreseciiec spectra at temperatures down to 
- 2rj9° ('. show tliat the hands become sliarjier and narrower as the 
temperaliire falls, and that different hands belong to different tem- 
perature ranges.^ 

Calcium Hydrosulphide, Ca(SH)2, is formed in solution by 
saturating lime-water with sulphuretted hydrogen,* by the action of 
water or sulphuretted hydrogen solution under pressure on the sulphide,® 
or by the action of sulphuretted liydrngen on a suspension of calcium 
varhonate iii water.’ Jly treating milk of lime containing 1 part of 
hydrate to t of water with sulphuretted hydrogen, and eooling.to a low 
tempei’ature in the same gas, colourless prismatic crystals of tlie lit'xa- 
hydrate, (\i(SH) 2 .hH 2 (), are obtained.’’ They are \ery soluble in water 
and alcohol, t parts by weight of the crystals dissolving m 1 of w'ater at 
ordinary lernperatiin'S, ami the compound is readily hydrolysed, only 
the liydroxide being left if the solution is dilute. Heat facilitates the 
reaction.® On warming, the crystals of the hydrosulphide melt witli 
decomposition into sul])huretted hydiogen and calcium inonosulphidc. 

The depilatory properties of ealemm hydrosulphide have long been 
known. 

Poly sulphides of Calcium. — If ealemm sulphide and sulphur are 
boiled together w'ith water they dissolve, forming yellow-red solutions 

* Lenard ainl Saeland, ..-Inn. PhtfUik, 1909, [4J, 28, 470; sco also (Joggel, ibid , 1922, 

[41. 67, 30 1. 

* Perrin, Ann. Physique, 1919, 1 9], ii, 57. 

“ \'aillant, Compt. rend., 1912, 154, 867 ; 1920, 171, 713, 1380. 

* Lenard, Kaiiierlingli ClnnoH, and Pauli, Proc K. Akad Weitnsek. Amsierdam, 1909, 

la, 157. » 

>\irthor liturature; do Boiabaudran, Compt rend., 1886-9, 103-109, sevoral 

. papora ; Lonaid and Klatt, Ann. Physik, 1904, [4|, 15, 225, 633; Bachotn, ibtd., 1912, 

* ‘[4J. 38, 697 ; Baorwald, ibid., 1912, [4], 39, 849 ; Vanino and Gana, J. prakt. Chern., 1905, 
[2], 71, 196. 

‘ Boetlger, Annakn, 1839. 39, 79?* 1840, 33, 344; Pelouze, Compt. rend., 1866, 62,. 
108 ; Veloy, Trans. Chem. Soc., 1885, 47, 478. 

• ® Kraus Wr, Ditujl. poly. J , 1877, 226, 412; Trans. Chem Soc , 1878, 34, 171. 

» B^harop, Ann. Chim. Phys., 1869, [4], 16, 202, 

* Divers and Shimid/.u, Trans. Chem. Soc., 1884, 45, 270. 

* Miller and Opl, Dingl poly. J., 1884, 253, 350. 
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Trhich are considered to contain ( aSj. OiS^. and probably CaS ,.^ Poly 
sulphides, alontj uitli calcium tbiosiilpbalc. arc also formcil l)\ boiling 
together lime and sulphur in \\at(T for the production of a lime-sulphur 
spray as an insecticide for animals and plants, csjiecially in the Ihieille 
States.2 

Auld concluded, from experiments on tlie action of dilute acids, that 
polysulphides of sulphur content at least as high ns CaS, were lormed, 
ami suggested that tlu* constitution is reprcscntoii bv the formula 

(a' "'S S S- . . ., the sulphur atoms m the chain bcinmiiig 

' S 

progrcssl\ civ more looscl\ attached ‘ 

Harbicn lived the poK sulphides with hc\am<-thylenctctramiu(“ and 
then determined their <‘omposition lie obtamcil th(‘ compounds 
C'aSji.lOlLO ‘it’fillijN, and CaS^.loIJ ,().‘J(’,.Ili2^\> coucliidi'd that 
C'aSu IS formed by saturating calcium huliosiilphidc with sulphur, and 
C’aS, bv boiling sulphui with linu ' 

Solutions of |)olysuIphides icadiK hyilroivse, producing calcium 
hydroxide, sulphur, and sulphuicttcd hyilrogi'ii, 

A comjiouiul containing pol\ sulphides, and known as “ hvi'r of 
suljihui,*' IS obtained by calcining together cipial wTights of cnhauni 
oxide and sulphur 

Calcium Hydroxyhydrosulphide, Ga(SII)(OH).;tirO, is oli- 
taiiK'd b\ the action of a littli water oi lime on the hMlrosuIjihidc,'’’ or on 
the sul|)hid(‘, or of the sulphide or sulphuicttcd hvilrogcn on calcium 
liN droxide as in the ]nirilication of coal-gas. It is obtained in four-sid(‘d 
jirisms or line needles which lose hxdrogen sulphide m the air, liccoming 
yellow' and opaipic. It readily dissoh cs in water, forming the hydrate, 
and it absorbs carbon bisiiljihide with th(‘ production of a basic Ihio- 
carbonntc, ‘2C'a(OH)2.('a('S., lOlIjO 

Oxysulphides of Calcium. -A mixture of calcium In droxide 
and snlpludc, regarded by Folkard as a molecular compound, 
K’a(011)2.:ill2^j 1'’ obtaim-d liy passing a diy mixture of hydrogen and 
sulphuretted hytirogcu on cr calcium hydioxide. At KM^ ('. the com- 
position may he cxjircsscd liy the foimuhi ‘2( a{011).2.*2( a(()n){SII), and 
at red hcali'n an inert gas, aO.*2CaS.I1..0. By furtlici heating, < alcmm 
sul})hatc ma\ be obtained. Oiangc-ycllow prismatic crystals, to which 
several ‘different formul.c have been aseribed, CaO.CaSa.TllaO, 
,‘3CaO.CaS4.1‘2H2(), 2Ca0.raS3.1() oi llIl^O, C’aS3.3(aO.U or I.5II2O, 
CaSj.tt'aO.lSlIaO, and CaS6.5(’a0.2()ll20, can be obtained by boiling 
together ealeium hydroxide, sulphur, and water,’ by treating a fused 

* Schono, Pogg Annulen, 18G2, 117, 58 

* Djvora and iSlninidzi], loc cit . ; Divers, Trans. Cheni Soc., 1884, 45, GIIG, HaywoenJ, 

J. Amtr. Chem. Soc., 1905, 27, 244. Tliatchor, il)id , 1908,3©, 03, and Tartar, 

J. Ind Eng Chem , 1910, 2, 271 , van Slyko, Hedgos, an<? Ikwwinth, J Sac Chvm. Ind., 
1910, 29, r)89, Tartar, J Amer Chem .SW , 1913, 35, 17tl ; 1914, 36, 495, J. Ind. 
Eng. Chem., 1914, 6, 488; Ramsay, J. Agn Set , 1914, 6, 194, 170; Bwlnar, Chem Xetl., 
1916, 39, 715 ; Auld, Trans, Chem Soc , 19lo, 107, 480. 

" Auld, loc cit. 

* Barbien, Aitt R. Acaid. Lined, 1914, |.61, 23, 1^, 8, see Chem Zentr , 1914, 
ii.. 816. 

' Divers and Shimidzu, hr,, cit. > 

* Folkard, Chem News, 1884, 49, 258. 

’ Herschell, Ann. Chtm. Phys., 1820, f2|, 14, 3.53, from Edinburgh Phtl. . i , 8, 396 : 
ii.. 154 ; ^Schono, I^g. Annalcn, 1862, 117, 77 ; Doiither, Annalen, 1884, 224, 178. 
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mixhiiv of liini' siilpliiir with hydrochloric or acetic acid,^ or ]>y 
evaporating' a solution of tla* hydrosnIphid(‘.“ Tlic crystals arc niono- 
elinic,^ j'raduallv become colourless on exposure to air, and are de- 
eomposed by water but not bv alcohol. 

Calcium Thiosulphate, CaSoOj,is pre|)ared bv boilino lime-water 
with snlphui, salnratm^' the lupiid at the sana- time with sulphur 
dioxnh', and exaporatm^f Ixlow GO'' ( .* It ma\ also be oblamed l)y 
the reduction of eiilemm sulphate bv sulphur,”’ bv the action of siil|)hur 
on raleiiim sulphite and water between .‘tO’ and tO’ (' or by mixing' 
concentrated solutions of sodium thiosulj>hat<‘ and ealeium ehlorid(‘, 
renioxin^' by liltiation t hi* sodium ehloiide lirst Idrnu'd, eoiieentratiiif^ at 
about /)(r ( ., and allowm/« to ervstalhse.’ 

Caleiiim 1 hiosiilphnte is also formed when lime which has Ixm ii used 
for eoal-^as punlieation is exposed to fhcair,'^ and it is a bx-piodiiet of 
tin- Le Hlaiie process. 

It forms eolomless, si.x-sidtal, trielmie er\stals of eonijiosilion 
( aS,/) j.GiLO,'* which ellloicsee /a 7 mv/a or ill drv an aboxe 10 ( 'FIk' 
densitv IS 1 'I'lie solubilitv at tf' (’. is 20 I- ^'rm. of anhvdrous salt 

m 100 yrm of water, and at 25" .‘it 7 ^rm. In each easi' the 
solution IS ilissoeiated cleetrolylically to the <‘xtent of about 0 0 
p('r cent.'* 

On keeping, ealeium thiosulphate gradually (h'comjioscs into siiliihur, 
sul|)hid(‘, and sulphate. 

A triple salt with sodium nitrate and sodium tluosulphati*, of com- 
position \aj\0 ,.t'aSj()., NugSA) ,.l 1 lid), has Ix'cn obtameil " 

Calcium Hyposulphite,' CaSA),, mav be obtained b\ t-enllv 
waimin^f e<deuim hvdrid(‘ with sul|)hur dioxide 'I'he leaition is slow 
under 01 diiiary jn-essure and can onlv be completed ,ibo\» 000 mm Hv 
the elect i’oIn SIS ol' a .solution of ealeium bisulphite iindi'r siiitabh* con- 
ditions ealeium hyposulphite eiystalhses out m silkv needles, a current 
cllieieney of 00 70 piT cent . beinj,' otitamed.’'^ 'Hie dr\ salt is unstable. 
The solid ion of the salt has .stion^ leducin^ piopiu’ties. With hvdio- 
ehlone acid it becomes vi'llow and ileposits . sulphur 

Calcium Sulphite, CaSO,, mav lx* pnvipit.nted by tlu* action of 
sulphur diOMfh' on either ealeium hydroxide “ or ealeium carbonate 
in w'ater. It eryslallises in colourless he.xajjonal pi isms.’*’ forming 
('aS 03 . 2 H 20 . The whole of the water may be lenioxed b\ heatinj' to 

' liii(lii)l/ mid Miniulos, Schu'ft(jge>\ ./ , 1818. 22, 43 
■ I'oift] Antmlfii, 1842. 55, 433 
* (iiiidi, thid , ISOS, 135 , (mS 
‘ IlciSl IK'II, /w <it 

' Hull Sor }[ul/niiisin, 1857,28, 130 

" Divers, i'fu'm Sm , 1884, 45, OOli 

' Kiisilci, Annakn, 1848, 68, 231 
^ (Jraliaiii, /Vii/ Mriff . 1815. |3|, 27, 121 
" /epti.irowK'li, .f(ilirr.d)vr., f802, 131. 

(’liii'Ui', of Nitliire., I’nrt f (Macnullan I'i: (’*> I. 1888 

" Kroiiiiuin ami Rudomuiid. Motuit-ith , ltM4, 35, 1001 
Moisnaii. Vompt tend , 1902, 135, 047 

" Drank, Ze\hch KlfUro<hvm., 1904, 10, 450; bflt .sea Klbs and Becker, ihid , 1904, 
10, 301. 

o Muspiatt, Aniialen, 1844, 50, 259 

■if Fnrirenn mid V'auquelin, Ann Chim , 1797, [l|. 24, 229, Bortliollct, dnd , 1789, 
fl], 2, 54, liaiiirnelsborn, Pogq. AnwnZen, 1840, 67, 249, Bnhiic, J prakt. Chun, 1888, 

L21, 37r 217 

** Muspratt, loc. ctt. , 
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160° C. in a current of })urc hy<lrofjcn.* llv licatm^^ the crystalli'^cd 
salt to S0° ‘Jt'uSOj.II/) IS obtained.- On exposure to air it o\iilis(‘s 
to ealcnini sul])hate. and on beatinj; aluno taO C. it breaks u)) into 
ealeiiini siilpindi' and sulphate.’ 

C'aleiiiin sulphite is onl\ shjfhtK soluble in water, and ineiease in 
temperature decreases the solululitv 'I'heie seems to be some doubt, 
howexer, as to the .letiial values.* The follow in^f liyin'es ha\ e been 
eii ‘ : • 



IVni'lit.ipt SciliiliiliU 

Ti iiipi'i.ilnii . (’ 

of C.iSO, Jll (1 jii 

W.llM 

;;o 

0 0(1 1 

00 

0 001 
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0 01 1 


'File pn-seiie<‘ ol su^fai ineK-ases the solubilitx 

Oalcium Bisulphite, Ca(HS(),)^. Caleium sulphite is soluble lu 
an aipu'ous solution of sulphui dioMih*, piobabU on aeeoimt ol the 
foMuatiou ol ail aeid sulphite, CalliSO,)^ h'lbs ami Ib'elviM found 
the ma\inium sohiliilitx to be 0 .‘I ^im per Idle,'’ but aeeoi<lm<' to 
I'laiik ' mueh more eoneentiated solutions ean be obtaimd The salt 
has not la-eii obtained in the solid stale 

A solution ol ealeium bisulplnte, |)i('paied eomuieieiallv bv tb(‘ 
act ion ol sulphui dioxide' on milk ol linu', is used as an antise-ptie in I he 
buwiu^ mdusin li is also emploved foi bh'aehini; cellulose in the 
niaiiulaeluie oi papei.'' 

Basic Calcium Sulphite, .ICaO.SSO^, is obtaimd b\ healiiifr 
ealeium oxide with sulphur ilioxiih* abo\ e fOO'' (' 

Calcium Dithionale, CaS A),,, is obtained b\ the action of milk of 
lime on manganese dithionale, or b\ neiitialism^ dithiome acid with 
ealeium ludioxide .Viler eoneent lation ol lh<‘ liltiati', eolouiless 
ihombohediie ei sslals eontamm^ I- moleeiih's of water of ervstallisation 
aie obtained.'* The crystals are stable in an ami have <i (h-nsitv of 
‘J IS.'- 'I’h('y lolate the plane ol polaiisation of held '* Om* part of 
dithionate is soluble in 'J HI jiai'ls ol watei al IP (. and OS jiail at 
11)0° bdt it IS insoluble iii alcohol 
' Ctiims, A/i/ni/f/i, IS.IS, io6, L'S 
- dohim, lot 1 1{ 

' twimiiielsljcitr, /f« f// 

* WiMsijL'i^r, Hull Sill (/mil. iH‘l(t, |;t|. 15 , lUlT. K.ili.iil, //«// (/tint Situ 

iJiit . lill.’t, 31 , loa, sn- J ('/mu Sue, 191:1. 104 , AIim 11 tWI , x.ui <lu Lmdea, ('/mu. 
Zentr . 1917, 1 

' lli-odt, Muiiiifiii (nil iij Siii/in fiiiiii (’aiii nud /iul (.Mdimuiaiili'’ <>11 liiilii-'to.il t'licin- 
istry) (LungrimnH, (irwn & ('«> ), 11120, p I SI. • 

" KIbs <i?i(l 1J<’( krr, Zi il>i/i hMdoi/iuii , ISKU, 10, 30J, 

‘ Koank, i/)id . 11)04, lo, trM) 

’* ( IrioHriuix (T. ./ ('/mn Sm , 1872, 25 , 1130, Jlendtli, llorA / liriiu, IDIK), |10], 
Allji m .[nzuijrr f /irau, 16 , |24]. .">(> 1 , ")t) 2 , tioiii ./ Sw' ('/mu hid , 1000 , 19 , .749 

* .7raitin, hiduifniil ('/luiiiitri/, Onfnnir d'oisby l.in'kwn()fj| vX Niii), 11)20, p 192 
Sclidtt. Ihiujl ixdif J , 1871, 202, •)! , Oinibniiin aint Uittieli, Hir 1880. 13, 071 

“ Woltyr and (la\ -buMHftf, [un I'/iiin /Viy. , 1819, |2|. 10 , 312 , Pajx*, /'w /7 Annalm, 
1870, 139 , 224 ; Jlcoren, i/nd , 1820, 7 , 178 

Topsoo, Silzurujfi/ipr K A hid IFt/ifl. IKicn, 1872, [ 2 J, 66 , .7 
Bi( hat, rnid , 1873.77, 1189, Bull Sor rhtni , |87‘1, 12], 20 , 130 
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Calcium Trithionate, GaS Hiuinunin obtaitied this compound 
as a white, crvstallnie, liy^inseopie mass by ^jontly warinm^^ caleiiim 
<lil}iioiiat( s(tluti(m with sulphur for two days and then cva|)()ratin^T.’ 
ApjiareiitK, ho\vc\ci, Hus has not been <-oidiriiied.- 

CJaJciuTTi Sulphate, CaSO,. (X'ciirs naturally in two forms 
and iniiiijdntr The fornu'r, erystallisinjif with *2 molecules of water, 

IS more frc(jucntlv met than the latter, which, as its name indicates, 

IS anhydrous. Tlicrc are several varieties of ^vpsnm : rock or 
ma‘ssi\c ^ry|)sum, density ‘2-UO ‘2 .‘W, composed of minute crystals: 
lar^c mnnoclmic ciyslals, often twinned, of selenite, w'hieh can be s])lit 
into slicels and is tlu* standard for the second dej>rce of hardness in 
Mohs’ scale ; lilirous gypsum, or fat>n-sptn : a compact, crystalline, 
sli^fhtlv translucent form of rock f^vpsum, used for purposes of ornament 
and known as ahiUntcf and, linally, /'//y^.siVe, formeil by the evapora- 
tion of }»y|)sifci()us wati’rs as a soft, incoherent, earthy deposit, (iypsum 
is often found mtcist ral died with limestone and mav have orijrinated 
in the inti'iaetion of the limestom* with soluble sulphates, with .sulphuric 
acid K'sultmf* from the (U‘eomposition of sulphuh's, or with sulphurous 
vajxMiis and solutions of volcanic orijrm. H is found m most countries. 
Anhydrite occurs as thin scams m rock salt, as lai^jc masses coatcil 
with fjiypsum pioduced by hydration of the anh\drite, or as a re- 
placement of linu'stonc. Local uplifts, and fiactuie or crunijilm^jf of 
rocks, ar(‘ often caused h\ the hydration of subtiMTanean hcfis of 
anhydrite.'* 

(’alcium sulpha! CIS also a constituent ofeertain minerals : for example, 
fllduhci if(‘, ('aNa,,(S(),)2 ; sijuficintr, C'aK2(S(),)2.n2C ; pohiluiUtc, 
(’a. 2 K 2 Mk'(‘'’'C,),. 2 lI.X) , t’a-,K 2 (S(),),,.Il 20 : and 

( 'i'lic conditions for th<> formation of tlu'si* 
minerals in oceanic salt deposits have been studied by Min 't Iloff and 
Ins collea{j[ues.'* 

( alcium sul|)liatc is larjicly responsible for the jiermanent hardness * 
in natural wati'rs. 

C'dlrium SdJphdtc /b/y//</////c, ('aSO, is formed by the jnccipita- 

tion of soluble salts of ealcnini by alkali sulphates, or by iK'utrahsat ion 
of the carhoiuite or oxide by dilute sulphuric acid. For technical 
purposes, luiwevcr, natural gypsum is almost cxclusixely employed. 

In Great Britain alone, between lOO.'} and 191(1, the avera}r(‘ annual out- 
put was ^rithOOO tons." 

In addition to the forms already mentioneil, a hcrnihydrate, 
2 CaS(),.ll 20 , and certain allot ropic modiliealioiis of anliydnte can be 
prepared. Althou^di thesi* are of emisiderable commercial im])ortance 
and have been the object of much careful study, the literature on the 

' Uaiimuiin, Jahre^bti . ISl.y 202 

® KossIim, Potjf] Aimahn^ 1848, 74, 249 , Annalen, 1848, 68, 

' Alabiustoi has bct^ii prcpatcnl artilifmlly l>v hydrated Nodtxuu .sulphate and 

anhydoniH otUcuim fhloiidr tugethn foi about six huuis at ;t00 UlO^ (' under a pressure 
of 12 T) attiiDspluiit's, si-c ('opisarow, Tta»,s Cham , 1923, 123, 79fi 

* l)n orcurreiu'o of gvpsnm amt unliydnto, hup Stonx* an«l othoifi, ' (lyjiburn Dejxwits of 
Uiiitod Status," C S Caul Surr , 1920, Hull 097. 

* van ’t Hoff, amry t'Arw . 1 905, 47, 244 , Silzunysber K Akud. H'taa licrlin, 

1904, 935; anil V’ooiinan, thid., 984, van 't Hoff, Voorman, and HIa.sdale, ibid , 1906, 
305 ; van t Hoff and d’Ans, ibid., 478 , van ’t Hoff, Farup, and d’Ans, ibid , 1900, 218 ; 
van ’t Hoff and d’Ans, ibid , 412 Soo also Anderson ami Nestell, J Ind Eng ('hem.,' 
1920, 12, 243 

« J. Soc. Cheiii. ind . 1918, 37, 201H 
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subject is full of contradictions ns to the conditions of their fonnntion 
and the relations between them. 

Calcinm sulj)hate may also be precipitated m a ^rclatinoiis Ibim by 
the action of siiljilmnc acid on a mctli\l alcoholic solution of calcmni 
oxid('d or by the addition of alcohol to an c(pial \ ohmic of a saturated 
solution of calcium sulphate. ^ It contains mote watci than ^rypsum, 
but no combined alcohol. It is also more soluble than psiiin 

Calcium Sulphate Ilemihiplrate or Plaster of Parity, 2(’aS(),.II^(), 
Will'll ^yjisiim IS heated between and ‘iOO' (' , a prodin l is obl.iineil 
corresponding; to the formula 2(‘aS()|.Il/).' This jiosscsscs (In- pro 
perty of hyilratin^^ a^ain and setting; to a hani mass, winch <'\pands 
dunii}; solidilication, tliiis ^ivni}; a sliarj) imprtssion of tin' mould m 
which it is placed In icalitv lla'ic is a total contraction, made n|> of a 
preliminary conliat'tion, followed by a smaller expansion. Tlu- rcai lion 
takes j)lace with (onsidcrablc heat c\<»lntion. From I he facl that 
deposits of ^r\j)sum at Monlrnartri' weic Inst used for the pnuluction 
of this compound on an cxtciisivt* scale, it recci\ cd IIk' name of plasler ol 
Fans. 

In the manufaeture of plaster of Fans the maximum temperature 
em[)loyed m Knjfl.ind is lltr 120 C , and m (leimanv I’lO' (’ In 
Aiiieriea 180’ *J00’ ('. is otten reached, allhoiitjh it nia\ also be dis- 
ehar^;c<l at ILMF (' The transition tcmperatuie fiom {r\|>suni lo the 
hnlf-h\drate is lOT but this does not exclude the possibility of 

carrying out the deh\ dratioii at a still lower temperature, pio\id(‘d the 
vapour |»iessure is icdueed b\ a eurrent of dr\ an,* or b\ Iht' iis(' of an 
open enieilih'.'’ In Fn^dand the ^vjisum is heali'd in an oven in which 
it IS piled 111 lumps upon aiehes nnd( r wliK'h the fuel is burnt In 
Anaiiea the |»v|)suni is often Imelv oronnd bcfor«‘ bemy heatval in pots 
or kettles 8 1 1 feel m dianieter and 0 10 le<'t (h-ep, and made of boiler 
})lal( s w it h a eoiiv ( x iron or slet'l bottom. 'I'lu* j;v psiim is stn u'd The 
aeit.ition of the powdei bv the eseapm}; water vapoin is di'seribed as 
“ boihiui This method pioduees a };oo<i cpialitv of plaster, but it is 
slow and expensive and is liein^ ^ladiially icplaecd by the use of lolarv 
heaters.’ 

The heinihydiate forms ihonibie eivstals, W'hieh, Ihron^di rc[)ealed 
twmMm<;, appeal hexaiioiial.” 'Fhe di'iisily is 2 (id ‘ On exposuie to 
an, moisture isabsorbed with ^rradual lormalion of ;;v psiim. The henn- 
hj (Irate ha.s been fonnd as a crystallmc dcpcxsit m boilers workiiif; at 
two alnios])heres pressure. 

Davis statc'd that when freshly piepaied ervstals of fjypsum are 
healed for three or four lioiiis with water at 100 " ('., a hall-hv drate, 

* I K Ikail Hit-, /to/i/i, IU07, SJI) 

^ CaMi/z.i, Zi'ihtli C'hnti Ind. Kolhidr, lOl.i, 12 , 1% 

“ !.(■ ClmU'lii'r, liir/ierilift er/it '•nr In ('(>»'>( df^i Mori fn/diftnl . 1‘I(I4, ('nmiil irnd , 
l«8:i, 96, 1 1)1)8 • 

* \Hiv 't Hull and others, ZetLsch physihil (%m , 190.'i, 45 , 2."i7 

'' (liuiicxchi, Alh Acc Tuitnd, 1915, 50 , H 8 l ; (landctniy, find, 19J1, 158 , 

20011 

*■ I)a\is, ,/ iS’oc ('hem Ind, 1907,26, 732 

’ TlK)r[)(‘, 0 /. I /);>/irdC 7 it 7 H( v^ryt Longmans, (.'urn & ('y ), 1921 vn] i . j) 749. 

Dosch, The Chpiiii'<hy and Tr*tiil<j of ('true nl, 1911 (Aoinld) .•Stone. lii( rU . lljuit dsfri. 
LimeH and CemenUi (Ciosby lj(xkwooil & Son), 1910, eli \m 

" (Jieiigp. 'ZtiUih. anonj. Chetn , 1911, 90, 327 

* (.'an(iefrii\, he. e it 

' .Jolinston, rhil Maq, 18.38. 1.ij. 13 , 32.>. 
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w’liifh sets \(ry slowly, is obhiiiK'd.* This appears to be identical 
with :i }iJiir-h\ cirate obtiiiiird by CJiatelicr jii a similar way at 
I.'IO" !.")()' and Davis flioii^dit that it im^dit be a second nioditiea- 
tioii Piohalilv it IS in(‘rel\ in a less lmel\ divided state than ordinary 
plash I . 

The S’HtDifi of PhisU't i>j Pat is Caleimn sulphate is only very 
sli(,d)lK soluble in vvatia*. but it has a ^reat tendenev to toini siijier- 
saliirated soliitioys.' I.e {'hateli( r attributed to this phenomenon the 
seltiiij* of ])lasler.’ lie* snpposi'd that the paitially dehvdrateil ealeimn 
siiljibale dissolves, rorimn,t» a solution vvhieh is snpersatniated with 
res|)eel to ^^v psnin From tins solntion is d( posited hydrated snlphali' 
as inhiloekm^ medics winch olfei •rreat IVieiional resistance to dis- 
ruption. The breakm;^ ofset plaslca* is not due to iraetiire ot the crystals 
themselves, as in t Ik' ease ot metals, but to the ova'ieomiii^ ol’ th(‘ lorei's 
ol cohesion at tlu' crystal siirtaei's ’’ Aec^ordinjj to Davis,' th<' plaster 
on s(‘lfm^ first forms ortlioihombie crystals which slowly ehanj,^' to 
monoelinie, the two ehanjics eorrespomlm^ with the obseiwed eeintra'-tion 
and cNjiansion respect i\ elv . Heeent views, however, rcepiire the exist - 
cnee of an intermediate colloidal stale fiom vvhieh erysbillisation 
takes place'.'' 

'Pile rate' of set tiny depends on the hmeand le'inperatiije' ol e.de'iiial ion 
of the yvpsiini." It is also •rieatlv mlliieiieed bv the' jireseiiee' of small 
(|Uanlilies of foieinn siibstane'e's, some of which retaid whilst others 
accelerate it Holilaml and others showed that those' subslane<*s which 
incK'ase the soliibilitv of eale'iiim sulphate also ineiease' llu' rate' eif 
setting e»f piasle'i etf Fans, and r'/e<‘ rev.ve/ Sulphates, ehleirieles, nitrates, 
brotnieles, anel mdides of potassium, senlium, and ammonium, peitassnim 
hydreixides, sulphurie', hvebeie'hlorie, anel mtru' acids, sul|)hale s eif /me', 
irem, anel eeipper, eale-mm oxiele, seiap, |)e)tassiiim dieliremiate, ammemium 
llimrieh', aluminium sulphate anel chloride', lithium e'hloiieic' anel 
ma^ne'smni ehleiriele' aeeehiate the' late* of setting*, lieaie' acid, be)ra\, 
sodium anel peitassium silicates, seeelium, e-aleium. anel magnesium eai- 
bonate's, olyeereil, anel ale'ediol le'taid it. 

llaeldeui," on ratlu'r insullieu'ul ^lounds, appe'ais lei e-emsielei Ibal 
Hohlamrs llu'orv is mil ('iitiie ly justifiable. 

Enmisoids, such as ^uni aeaeia, j>lue, etc., retaid the' sett mo m eem- 
scepu'iie-e of aelsorptiem,'" anel this fae*t is maele use eil bv artists and 
modellers. 

' DrevH, /()( (il 

■* 1.0 ( 'liiit('ln'i, Inn s. ISS7, |S|, II, .M.’) 

' Vliiniemu', Inn ('him /Vn/'f , IS7 1, |.*d, l, 274 

' Ln e , Iru' lit, .mil (‘onijii nnd, ISS.t, 96, 715, lU.Vll; .soo .lUn ('loi'/, 
liidl SiH ihiin , l!l(),{, |.'ll, 29, 171 

’ ll.iildim, ./ Soi ('hi‘m hid. 11)21.40, 122'!’ 

•’ Kolilimd. Znt^ih iinottj (him llMIl, 40, IK2. 1!)14, 89, 852, Kidloid ZnlMh., 
11)13, 13, )‘l , O'.! w aid and WoKki, dud , 1920, 27, 7S , Turnin', dtid , 1919, 25, (12 , Ceiva/'/i. 

1912, 42, 11 , (129 ^ 

■' I’otilit/in, ./ y^ie.'i hhij-> C'Af/H. .S’oe , 18‘):{, 25, 207 

*' iScliott, Dimil indy J , 1S70. 196, 3.57 . Ditto, .Ihh (.'Aim? /Ve/'. , J89H, [7|. 14, 294 . 
Rolilaiid, Bn , 1900, 33, 2S31 , Zi'iIhIi iuiokj ('hnn . 1902, 31, 4.‘?7 . 1903, 35, 194, 201 , 
1904,40, 1S2, 191 1. 89, .152 , Zrihcfi inufrir ('him. liK)5, 18, 327 , Znhifi Kli'Uiochcni., 
1908, 14, 421 , llandhmh d.^nonj Chnn . Abegg (S Hii/d), la-ip/ig, 190.5, \(il 11 , jj 180, 
see iilriu Astiiii' and ('imnls, ./ rinnni (’Aii/i, , 1910, 13, 214 , (\mals, ?A?</ , 1910, 14, 33. 78 ; 
Traulie, lor ril 

“ Hadiion, -/. Bm. (Jhem lad, 1920,39, I0.5T 

KiU'iiii tmd \ .dlunce, Tiam, Chnn. Sot., 1922, J2l, 10(), 
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Anhydrous Calcium Sulphate. Njitnral <inh\(iiitc crv.stallist's in tiu* 
rhombic system and lias a (lciisit\ ol 2 S .*{ P and baldness ?{ d Il 
^nadnally liulratcs t()<r\|)snm in the pUM m e ol' \\al<M, but do( s nul set 
unless {^roiiiid to an e\tremel\ liiii' jiowdei.' The In dial urn is ni- 
lluenccd by lorci^rn snbstanees in the s.inie w.n as tlu* s<‘tlinjj of jdastei 
ol Pans. 

Il nun be ])ie])aied aitilieiall\ b\ Insinji eah'iuni ehloiah \m 11 i 
potassnnn sulphate and dissohinj^ out the potassnnii chloride with 
water.- 

Two iiiodirualioiis ol anlndiile aie obtained 1)\ iKsitini* the lieim- 
hydrate.'* The Inst one, lornual under *J0(1 C . lakes up walm \ eiw 
quickly, ])iobably Ibrniin^' the heiniln (bate alniosi instantaneoiish 
and passini; more siowl> to ;f\psum’ Tins \aiietv dil'his from tlu' 
natural lorm and is known as solubh- anhvdiili- It hums tiitlmie 
iieedlt's^ol densit\ '2 Li *' \ an I I loll and Ins eo-woi keis obtained it b\ 

dehydialm^r pieeipitated e.ilennn siilph.ile ni .m^/oal hO" o\ei 

jihosplioriis p(‘nlo\id(‘ Ol siilphniie aeid, oi b\ sh.ikmo plastei of Pails 
w ith tweni V I lines its W( i<,dit ol wall 1 at 100 ( ’ 

H\ luatm^ soluble anindritt' to brinht ndm'ss anotiui eompound 
IS loi med w Im li h \ diates \ ei \ slow l\ and do( s not haideii, and is piob- 
alilv identK'al with natiiml aiiindiite ' Il(»|ipe-S(‘ylei '' appaiiniK 
obtained it In lieatni^f ^'vpsuni with <i com « nl i.iled solution oi sodnini 
ehlonde in a sealeil lube at 1*2,) -UlO ( \ lempeiatuie a tilth alxni 

.‘{0 C. IS siillieient howe\er.‘ 

At hi^h tenqKraluies an «nih\dious Ibi m. capable ol both In drat ion 
and settlin’, is obtained.'* It sids iiiok* slowK than plash r ol Pans, 
but I'orms a \<i\ haid and hi^diK Ksislant plaster wbieb limls leehnieal 
a[)])liealion midei the nanu n\' hSinrh fiypsum <u flaanuff plastn. The 
lale ol s<-tl m^ can also be aee-eh lated oi let.inh d b\ suitable ( at.iK sts, 
but the same subslanees do not nee<ssaiil\ piodiiee the same elfeel as 
111 ])last( r ol Pans. 

At hi^di tenipeiat uies dead-bmnt ;r\ psnni, wlneh will neither Indiate 
nor set, is jilso piodueed, and thei<‘ aie two inal IheoiKs as to the nahne 
ol' Kstrieh ^\j)suni and dcad-bnint n\ psnni -\<<'ordini( to \an 'I lloll, 
the rate ol se-tting eonlmuouslv lalls as tlu temperatuie ol binning is 
meieased. If the tempeiatme is laised so high that the setting and 
hydrating jiower elisajijx-ai , the er\stalhne slim lure is lost and the 
plastei i.s then dead burnt. From the woik on solubh* and msohibli 
aiihydrilc. Estiieli gypsum would thus ajipear to bea mi\luieol the two 
The ])roporlions, and, therefoit', tla setting jiower, depend on tin 
temjieiuluie ol ealeination dead-burnt gypsum being obtained wlaii 
the tenqieiatnrc is high enough to Iraiislorm all the soluble into in- 
soluble anh)drite. 

‘ Miiitiic'i, Zn/>r:/( uinjow C/tew* , 1920, 33 , i , IT"} * 

^ Manntss, Aiinalai, 82, 

I'otihL/an. ./ /^ 0 '> ('him Sor , 1H9I, 26 , 170, 221 , 1X9,7, 27 , 2.70. ZhIm/i 

amnj Cht'm , 1891, 7 , 4't2, gJU , Lfwnux. ('oni]il jrini . IK9S, 126 , ItOO, 5.73 , ('Iim*/, Jiull 
tSoc (him, lilOt, [.31, 29 , 1U9, 171 

‘ Cloiv, Uir cil , 

■’ Lacioix, hi cit 

* (jiaiiilefroy, loc at. 

■ van 't Holf, Zeituch yhy^iktil Clum , 1903, 45 , 2.77 

* ll()pj)f' Sc) li;i, Jhxjy AniuiUn, ISOO, 127, 101 

* liohland, ZeiUch anonj. Chem , 1903, 35 , 194 
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Rohlatul, oil Hie other liniirl, eonsideml that Estneli jjypsiini is 
foriiieil at a lii'(her temperature* than dead-hiiriit ^vpsiini.* Ilenec 
arose iJie helief, denied, however, by van ’t Hoff,- that tiie former 
nn^dil he a basic sulphate. Von (ilasenapp faxoiired the latter 
view, and stated* that Estrieh fjxpsnni may be produced at a tem- 
perature, naiiK'ly JM)0”--100()° C., or even 13()()" C., much higher than is 
usiialK eonsideied suitable, and a eonsideralile amount of ealeium oxide 
may lx* pres(*nt ‘iKfon* the product is incapable of hardemiifr.* He 
obscrv ed ^dassy and erystalline portions ; the lirsl he reji;arded as a solid 
solution ol lime m neutral sulphate, and the second as pure anhydrite. 

(irenj'f^ studied the dehydration products of gypsum under the 
mieroseo|)e, and also eoneluded that the formation of dead-liurnt 
^ry|)suni takes place first lie regarded it as completely ilehvdrated 
ealeiuin sulpliale, piobablv identical with natural aniiydrite. He also 
re^niided ealeium oxide as one of the eonstituenls of Estrieh jjypsum, 
and, like von (dasenapp. found a combination of a j^lassy and erystalliiu* 
slriieluK*. but supposed both to be solid solutions of ealemm oxide m 
the siilphali* till* proportions and concentrations of tluse var\ mm with 
the time and temperature ot heatinm.’ Observ ations on tlu* temperature 
of formation of the oxide seem to east doubt on the basic sulphate 
Lheorv.*’ When calcium sulphate is heated to constant weimht at 
1000 ’ (’, only 0*21 jier cent, of oxide is formed, at IdOO' C*. 0*0 jier cent., 
and at lOT.") ' ('. t)8*({7 per cent., the salt then meltiuf*. The late becomes 
much more rapid above 1080' C,® 

It IS possible that the supposed modilicalions of anhvdrite owi* their 
(lilterenees humelv to dilterences merely m the lineness oi their jiartieles.'' 

When ealeium sulphate is stronmiv heated then* is a transition |)oml 
at llttO" ('.” Thcd-form stabh* above the transition point is (*ompletely 
miscible with «-strontmm sulphati*, and is, therelore, isomorphoiis vvitli 
it and with «-barmm sulphate. 

The mellmm-l>omt of calcium sulphate is 1 L^O (' ** Aeeoiiimm to 
(’aleamni and Maiiemi, jam* ealemm sulfihate deeomjioses so rajadly at 
lOOtf that tlu* melt mm-|)oiut cannot lu* deteimmeil directly, but 
extrajiolation from the freezing* point eiirvi* ol sodium and eal(*ium 
siil|)hal{*s mnve l07iV’ 

(lulto scheme for the estimation of the different modifi- 

cations of ealeium siiljihate in plaster of Pans which depends on tlu* 
amount ol water miven up or absorbed under different eondilioiis 

Tiu’Vuiwiu anti Solubditif liclationsfwimru the diljercnl Modi- 

jU'dlwm of ('aletum Sulphate. Tlu* ecpuhbrium relations between mv[)- 
sum, the* half-hydra le, soluble anhydrite, and natural anhydrite, between 

' KohliiJid, Zi‘U/>(h (iiioiij ('hem , lOU'J, 6S, lOG. 

^ vrtu 't llolf, hn ul 

^ Mill ({tisotiapij, Toiniid Zed , 1908, 32 , 1148, 1197, 1230 

•* (iirngg, ZrtOtch anon/* ('hem , 191 1, 90 , 327, soo uImj (jallo, (itizzelln, 1911. 44 , 1 ., 
497. 

“ St‘(i also ftnitiU'i, ZciiMh amjur (’tuniT, 1920, 33 , i., 175, whn olitaim-d .1 u'luont 
by lidding luno to iintiydnUx 

® itudnikuv and Syikm, ('hem Zeit , 192.‘{, 47 , 22; hoe ale>o Cobb, ./. *S'o(. ('In m, Ind., 
1910, 29 , «9 

■ Di’iscli, Ttanx, Cetamu Sot . 1918-19, 18 , 15. 

** IJiahmann, Zeitsrh atmg Chem , 1913, 81 , 257. 

® Caloftgiu und Mancini, A((t It' Ar<ad Linen, 1910, [yj, 19, 11 ., 422, but cuntiast' 
Hudnikov and Syrian, loc. cit. 

Callo, Gazzclta, 1914, 44 , 1 , 497. ’ « 
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(r and 100“ I’., have been studied by van ’t Hoff and his eo-workers.^ 
Aeeording to tlie pliase rule, the system ealemm suljdiiite anil water has 
one decree of freedom wiuui three pliases are present h)r ('\amj)le, 
solid, solution, and va])our, or two solids and \apour. but reaelies an 
iiuariant point when ibui phases apjaai for e\ampl<‘, two solids, 
solution, and vapour. Van 't Hoff followed tlie ehanjje of \a|)our 
prcssuie with eomposition and obtained the results reeoided in the 
following table • 
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Consider lirst eolumns I. and I\ . As satuiated solutions of ealeinni 
sulphate are very dilute, the \apoui piessuie eur\e of a saturated 
solution of gytisum i.s praetieallv the same as for water Al (t.‘hr>’ ('. 
natural anhydrite and a saturated solution of gvpsuin have the same 
vapour pressure, 17,5 mm., and aie tluaefore m ^-ijuilibiimn with one 
another. The vapour jiressiiie eurves of gypsum and natural 
anhydrite meet at that point. Helow dU ,5^' C. the va|>our pressuri- o( 
the anhydrite is the lower, whieh means that the anhydrite is unslable 
with respeet to the dihydrate and, if triated with water below this 
temperature, should he transformed into th<* dihvdiate. On the other 
hand, at higher temperatures than this, tlu^ anhydiile is the stable 
form and should be ultimately produced Irom the dihydrate, although 
the ehaiige is not neeessarily a rapid one. Similarl> , the transition |>omt 
of gypsum into soluble anhydrite is (\, and of gypsum into plaster of 
Pans or heniihydrate 107"' C. The hemihydrate, however, w'lll still be 
unstable with respeet to soluble anhydrite and natural anhydrite, and 
soluble anhydrite with respeet to natural anhvilrite. 

* sail t Hi)fT ind otln■l^, Zntwh. phf'^ikal Cfu'm , 1903, 45, 257. 
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Ill the pi’csciHT ol (‘onc(‘ntrat(“(l solutions of otlior salts, such as 
sodium or maifticsium chlorides, tlicsc tiaiisifion points arc km'crc'd. 
Fot ('\am|jlc, a saluiaUd sodium chloride solution lowers the tem- 
jicraturc ol c(|iiijil)rmm hetween gypsum and natural anhydrite to .‘Rr 

7’liis explains (he production of natural anhydrite from ^rypsiim by 
hcaim^r with concentrated sodium chloride solution a little above 
:H)" It also explains the existence ol anhydrite in contaet with beds 
of rock salt. 'I’Ik' inter-relations of fiypsum, natural anhydrite, sohilih* 
anhydrite, and the hall-hydrate, aeeouiit for the fact that only the two 
lorfnei ate found in nature, since the two lattei are always uiistabli' A\ith 
respect to both the others. 

'Hie ener^ries of transformation of the different moditieations into 
ijyjisum aie |ri\en by \an ’t Ilofl as follows . 

Fiom half-hydrate 7.77 (i H8t small eal. (t m ). 

solubh' aniiydnte <>02 O lSt ,. „ 

natural „ b7.> <>-SH „ „ 

Tilt' solubilities ol ^\psum and soluble and natural anhydrite wia'c 
studied bv Meleher by means of eleetneal eoiuluetiNity determinations. 
Ills lesults are combined w ith sonu'of other m\(‘stif>ators m tlu* followm^> 
table* 


Sohihilih 111 Milli-i i|iii\iili in'. |K I Litii .it 'IViii|K‘iutiM( s. (' 

hum 



0 IK ■ .10 10 .50 ' l».*i 7.5 

' loo 

l.5(. 

200 218 

(i)|IMIMI 

2.1 9 i 29 .5 I .30 7 ^ 30 8 ! .30 0 ' 2.K 3 ' 27 1 

' 2.3 3 



Sol Anli\d 

1 ! . i ' ' : 

1 22 8 , 

() 1 

2.5 

Nat. An)i\il 

1 

9 2 

2 7 

0 9 ' 0 7 


The solubiht\ eiii\es foi the thiee eomjxnmds .ire |fi\en m Fiy. 2. 
'The tiansilion points as tound b\ \an 't Ilofl are lepuseiited b\ tin 
points wheie the sohibilitv eiiixes foi the two anludrites me'ct that for 
Uypsum. Seiliible anhydrite is cxideutK a meta-stable lorm No 
determinations, other than epiahtatne ones,- ha\e been made for 
plaslei of Fans, but jn-esumably the solubihlv euixe feir this substance 
would show lii^dier values than .sohdile anhulrite at the same tempeia- 
ture, and would cut the eurve for ijypsum at about 107^ C. .laneeke * 
eonlirmed van 't Hoff’s obseiwation that |»vpsum melts at 107"' iJ[ivm;^ 
the hemihydrate. 

'I’he solubility euiwe for jiypsum shows a maximum at about lO'^ C., 
the solubiht} bem|( ;J0-82<> milh-eijuix'alents per litre. Earlier mxesti- 
gutors found a slightly lower temperature, .78° 

An obserxation of lliflett’s ** explains the dilVieulty found m arrivmi* 

' Mi'klu'i, J lind. (’lif'iii Soi , 1910, 32, 50, Hulott and All»-n, ibid . 1902, 24, (157, 
Mincr-diiiLloii, Ann. <'oni,nv -It//! Mit , pi], 2, 187, TiUIrn and Shmstoni', l‘/iil 
Tutnn , 1884, I7SA, 2:i , Koliliausoh, Zvitsch. phijbikal Cknn , 1908, 64, 129 
- Hroczo, Jin . 1877, 10, 380 
* Junreke, Znl.'<rli plnfsiLal' ('hem , iOl."), 90, 205 
‘ Maiigniic, Ann ('him I'hi/tt , 1874. [,5|, I, 274, J)i«HV,o, loi nt 
'■ Hnlett. ./ .Iwii7 fV/rw .S'nr . 190.5. 27 , 49 , hoo also W J .Tom's nnd Partington, 
Phi. MfUf , 1915, [O], 29, 35, iM. Jonos and I’aitington, ('hem. Soc , 1915, 107, 1019 ; 
Nauibft, J .s’w ('h„i Ind , 1921, 40, 279T. 
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T,\ 


at (‘oiK’oidanl soln))ilit\ \alu('s. Hy slaiknif; powdncd L:\pMiin willi 
\viit('i he obtained a sii])(‘isatuiat(‘d solution wlneli i<((nned seM'iileen 



Ml III afuii'ith'nts of Ca SO4, fivi litn‘ 
I* 10 2 - Sithil»ilil\ 111 o.ildiiiii ‘>iil|>li.iti 


da\ s to icaeli a st.ite of linal (sjiiilihnnni 'I'lu dei>r( e orsuprisalnial ion 
(h‘)i( iids on llie si/e ol llie pailieles 

'J'heu’ IS apparciilh .1 eonsideiahk dilhience het\\('ui llieiah's 
ol soliihilitN al the dil'feieiil surfaces of a selenite (‘rvsIaJ. allhoii<»h llii 
ael ual soluiiililu's are naliirall\ lh( same in each eas(‘ ' 

(ivj)suiii IS almost msoluhle m aleoliol hut sIiijhlK soluhli' m 
yl\(eiol,- 0 (K»7‘2 {,n<im-moleeiile pel litre, tlu* solul)ilit\ mereasmo \m||i 
ti’iiipeialure 

Tlu' soliihilil \ m watei is f»!(atl\ meieased h\ the pies( nee of acids 
'I’lie rollouiiiy \ . lilies ha\e heen ohiamed ‘ 
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The soluhilitv m difh rent salt solul ions has heen sludu-d h\ a numhei 
of invest lijatoisd 

' ISull A<od S( 1 . ('rutov IIHU. JUi*. '-<■< / ('hnn Sot, MM I, lOO 

Al.- II . 24 

" Coinpi I'lul , I87it, ^6, S.Si 

' OntM’ivld iind Raiithi'«(’li. ./ jirahl ('him , lH8t, 12|, 29, .>2 

‘ Droeze, Btr,, 1 S 77 . 10 , UIKI . Tildcn .in«l Bum Hf»f Six 38 , :t:M . 

Lungo, J Soc. Vhdujnd . 188'), 4 , 81 , Cohn, J. ]nnkt Chem , 1887. | 21 . 35 , 18, 






THB ALKALINE EARTH jfeTAti. " 

Calcium sulphate ^ives a lirilliant green cathode-ray fluorescence if 
a trace of manganese be present, and bismuth makes it orange-red.^ 
Douhlr Sails. Calcium sulphate forms a number of double salts. 
Som<‘ of them resi'inble, and ar(“ isomorplious with, the naturally 
oeeiirnng double salts already mentioned. 


Salts 

• 

Bemarks. 

Authnril\ 

('(ij(‘iuNM,)i(S (),)4 211 ,() 1 

211,0 ' \ 

■ 

Compnie (>ol\ltiilitos, 
i:a,M«lv,(S(g 4 211,0 

1 d'AiiH, Bn , 1908, 41 , 1777 

CalNlbblMbb 211,0 

BcH and 'rabei, J Phyntnl 



Cfinn , 1907, ii, 192 

(’a(\Mb).,(S(),), 11,0 1 

Cornpaie 

('omfit und, 1877. 84 , 

('(iKI),(SO,), 11,0 ( 

CaK,(SO,), 11,0 

86 ; d’An'*, Jin, 190l> 39 , 
3326 , I1KI8. 41 , 177() , J’aiK', 
Compl tend , 15)09, 148 , 1601, 



d Alls and Zell, Bn . 1907. 
40 , 4912 

('.\(NII^MS( 1 ,)„ 11,0 

('ninparc jM'nta salt. 

dAns, Jin, 1907, 40 , 192. 
Haire, Iww ('him Phi/-. , 

('.'.(MbblSO,), . 

( 'ajt'HjlSO,), 

('a,Kbj(SO,)i 

('n,Kj(SO|), 

(‘. 1 ,I\,(S 0 J,.JII ,0 1 

('a„Kl).(SO ,)3 311,0 / 

('aNa 4 (.SO,), 11.0 1 

2 ('aK,(S 04 ), m'ljO 
(’aNft,(S 04 ), K,(“iO, 11,0 
('aS 04 2 K 2 ('i 0 „ 

(’aSO^ KiCiO, 11,0 1 

('a-,K,(S 04 ),. 11,0 

1911, |S|. 24 , II,') 

Banc, h( nl , d'Ans. Jin , 
1907, toi cit 

il’Ans, Jin , 1008, 41 , 1776 
d'Ans and Zrli, Hn , 15)07, 40 , 
4912 

Oialini.uin.Zn/sf/i miouf Chnn , 
191.3, 81 , 2.-)7 

Ditto, ('ompi niid, 1877. 84 , 
86 

( Ilaiiuav, ./ ('him Sm , 1877, 

\ 32 , 399 


0.d<j(SO4),41bO 


Ditto, Ann ('him Phip , IKD.H. 



|7|, 14 , 291 

C.iTkSO,),, 

Ik'roinpost'd b\ watn 

Woudarid and Kidd, Znl.'.rli 


1 

anoitj Chnn , 15)07, 54 , 2.")3 

('aSn(SOJ,3lbO . 

; l)crivati\c of uitlio- 

Womlaiul and Kiilil, Jin . 15)0(), 

! »tanni<‘ acid of tvia* 

1 Sn||SO,ll>,(OH>,|M 

39 . ‘-ilk'll 


CaO Ah,,0,,3S0, 


Kulil, A>ch Phnnn , 1907, 245 , 
.‘i77 • 

C.iSbjlSlb), 611,0 


Kulil, ZfiBih unary Chnn, 


1 

1907, 54 , 2.56 


f^sr.s■ of Calcium Sulphate. In the form of either jilaster of Pans or 
FiStrieh gypsum, ealeium suljihate forms the prineijml ingredient of many 

t 

Ci)in})l rnid , 1898, I26, (594, Ciinunon, J J‘hiji>ical Ckem., 1901, 5 , .'j.’iO ; Cninenm and 
yiMcloll, tbid , llKU, 5 , (543 , CliH'/, Bull Bvc. chim , 1003, [31, 2 % 1(57 ; d’Aiiwlinf, %bid , 
1003, 13], 29, 372; (.'ftnipron and Bivazeaks J Phymal Cltem , HM)3. 7 , 571 , 1904, 8, 
335 ; iSi’idoll and Smitli, ibid., 1904, 8, 493 , Cainnnm and Brown, ibid , 1905, 9, 210 , 
Sullivan, J. Amer ('hem, Svc., 1905, 27 , 529; (’am(*rnn and Bril, ./ Phymml ('hem, 
1900, 10, 210 , J Amer, Chem. Soc,, 1906, 28, 1220 ; Taboi, J l*hy.vcal Chem , 1906, 10, 
626 ; Arth and C3ir6tipn, Hull, Soc chtni , 1906. [31, 35 , 77|8, Taber and Bell, J Physical 
('hem., 1906, xo, 119. ll)()7, ii, (537 ; d Ann and .Srlircunei, Zeib<ch. amnj L'hem , 1909, 
62 , 12R; 1910. (S 7 , 437 ; .Mai nelli, Ann i'hnn. Ajfpluata, 1916, 5 , 13. 

* de BoisbRudiAii, ('omjit. tend., 1886 , 103, 468 
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of the renients and wall-planters on tlie market for example. Keene’s, 
Martin's, and Parian eement A n tardca*. sneh as jrha* or blood, or an 
accelerator, alum, sodium suljihate, etc . is mixed \Mtli it ' Shus-o is a 
hard plaster ^^lu(■h can be polislu'd, and is obtained b\ treat lUf^ plaster 
of l*aris with a lukewarm solution of si/i*, lisb-nlue, or ‘;um-arabie, oi by 
mixing with frcshlv slaked Imn^ and dippm;: the eastm^^ m a shon»r 
solution ot ma^mesium sulphate, sodium silicate, or alum. I'lbrous 
plaster foi temporaiy buildings is made from plastn, tou^bi'iied 1 )\ tow, 
asbestos, or sla^^ \m)() 1 , and li.u'ked b\ eoaise eainas. (il\psuni bo.inls 
and tiles are also made * The tensile stienjfth of plastii is alh'eleil by 
the eonditions of {iaujj[m<;, or \\ettm';,- and b\ the added <*ons 1 it uents.‘ 
(iypsum IS often pul in Portland eement in small (|uanlil\ to act as a 
retarder. It is sometimes used m the natuial form as buildmii stone* 
Then- seems to be some doubt as to whether or not ealeium snl|)liale 
IS of am valiK* as a feitilisei It is piobabK more' ad\ anlaj^eous to 
('m])lo\ it aloii^MMth basu' rat lu'r than with a<‘id feitiliseis.' It has been 
su^f^;ested that it meieases the a\ailabilit\ of potash in t lu* soil,'* but this 
has not, .ipparently, bei'ii (‘onliimed '' 

Vaiious patents weie taken out m (ieimam dining the Wiir loi the 
manufaetuie of sulphuric aeid (lom ealeium sulphati*" The methods 
piojiosed eousist ehielly in the leduetion b\ coal or Indioearbons, and 
tlie r('mo\al and oxidation ol sulphuretted ludiojjeii,’' or in the de- 
composition of the suljihate by silicates. 

The pioduetion ot ammonium sul|)hate lioiii psuni for use as a 
feitiliser, has also been su^;j>est<*d.'' 

( aleium snlphal<‘ is an m^Kdient of eertam painteis' colours, and is 
employed m papei mauufaeliire for weight ini* the papei Plasti i of 
Pans is us(d m the makm«; ot moulds foi man\ [iiii poses, foi example, 
lor iiibbei sliinijis, jiottei s, teria eotta, and special foimdiy eastmjis, also 
for makm^f staluai\, relief maps and modi'ls, sui^;ieal easts, lelnf 
di'coiations on walls and ceilmjjs, for Ix'ddino plate-^dass foi |>ohshin;r, 
and for man> oilier ]»ur poses 

Acid Calcium Sulphates. Ih eoolinji, or b\ irn'cijiitalion with 
hot wat<‘i ofsatuiatcd solutions of eah nim sul]>hat(‘ in hot ( oiieeni lated 
suljihurie acid, se\eral diffeient acid sulphatis ma\ be obtaiiu'd, 
CaSO^.IIoSO,,^" ('aSO| JllliSO,,” and 2 C'aS(),.ll 2 S(),.'- Ki ndall and 
l)a\idson,''‘ on studMii^r tiu* solubililN euive of ealeium sulphate in 
anb\ (Irons suljihurie acid, found two modilieations ol tlie eompound 

‘ iMiiitiii, ln(lu-»tnnl (iuDH'iti !f, liionjiuiu (('iD'ihx IjiHkHimd ,V Sdu), I'llT, (<il n, 
j( 1115, Tliorjx', fhclionnitf nf Ajijilird (’Ik mi'-ln/ (Ijdiijimaii'.. (accn ^ ('«i.), 15121, i , 
]» 74S 

- Hatldnii, ./ Sor, Chuii hid, 15121.40, I22T 

' Truvoll, burr ,J Sn HlKi. Mj. 41 , 151« 

' Nolti, J Lmidinrl . 15)17. 65 , <>7, ''*>c ./ ('In ni Sor , 15)17, 112 , .Mi-- 1 . (t2l . '.pc iilh(j 
I'akoiiclii, Bull Coll Agi Tokyo, ItXlS, 7 , ns.'!. see. ■/ Chun So( , 1510H, 94 , Alji a., i5Sf4. 

Bngf^.s and Hroa/piilc, 7 Ayiif , 15)17,8,21. vr ./ »SVm ('hnn lud , 15)17,36, 
328; McMillcr. 7 Ayru , 1918, 14 , hi, hco 7 Sor (%m /»//, 15)18, 37 , .Ij'mA 

“ HushcII, .!/;/> ('hcin HeiHjrU, 15)18, 3 , ,‘133 

■ Kwan, ibid , 1920, 5 , 174. 

" Uies(?nfeld, 7 piakl Chnn , 1920, [2], 100 , lla 

• ^Vnde, Chun Ji/b, 1920, 2 , 32 
Ber/.cliuc, Aiiiinhn, 1843, 46 , 241 
iSeluill/, Toyij Annalui, 1888, 133 , 137 

\Villou^tib\, Koy Bo< (’antido, 1913. 7 , 211 , sco alno UarHidc, IJh m, Snr/i, 

1875, 31 , 245 

** Kendall ftiid Davidson 7 Awer Chrin Sot , 1021,43,979. 
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CaS(),.3lInS(),. Only ono of IIk'iu was staLU’ over the range of tem- 
peratm(‘ of the evpeniiKail. naiii(‘I\ 0''-(>.‘r (' Tl»ese eompoiinds are 
all {l(‘e()iMj)()se(l In watei ot hv moist air. The eomponiid ( aSO,.ILS(), 
lias laeii obtaiiad m tht gidalinoiis stale.' D’Aiis sepaiated an aeul 
doiit)l(‘ siilphal(‘ of ealeiuin and sodium, luit, it was probably an iso- 
niorjihoiis mixture.- 

Calcium Pyrosulphate, CaSgO,, is obtained by heating together 
calenim sulphate lind sulphur trioxide in a sealed tulx*. It ieadjl\ 
attracts moisture fiom the air and great heat is devTlo])ed on bringing 
it into contact with water.' 

('ALtTIJM ANT) SIOLCNTCM. 

Calcium Sclenide, CaSe. -Si'hnmm will unite diieclh with 
ealenim at red heat to form the schmide.' The heat of formation is 
77-06 {'al.'' It can be |)rcpar(“d bv the rcdnction of ealcinm selcnate 
at too” ('. hv hydrogen,''' ' by healing selenium with lime when a bhn-k 
mixture of selemdc and sclemic is obtained, or by precipitation of a 
soluble ealcium salt In |)ol.issium scleuide ” 

Caleiiim selemde is a w lute substance which bci'omcs red on cxposiiK- 
to air oNMiig to tiu' liberation of selenium In the action of carbon 
dioxide.*'’’ It IS soluble m dihiti- acnls and is decomposed by water’ 
It can be obtained m the phosphorescent slate by admixliiri- with a 
.suitable pliosphorogi'ii, coppi-i, bismuth, mang.inesc, nickel, autimoiu, 
etc." The intensity and duiation of the phosphorescence is mueli 
smaller than m the ease- of the sulphides 'Phe position ol biightesl 
phosphorescence in the spectrum is at a longci wave-length than iii 
either the sulphur or oxygen compounds,'*' and the upj)cr wayc-huigth 
above winch the selenides aic inactive is, in gem-i.d, low'ci than foi the 
coi responding sulphides. 

Calcium Selenite, CaSeO^, can be obtained in the anhvdrous loim 
as crystalline grains bv the action of selciiious acid on calcium cai bonate." 
It IS not very soluble III water. The hydrate, .‘K'aScO ,. II L(), is obtained 
m prismatic erv stals bv the action of sodium sch-mte on calcium chloi ide 
solution, and a dihydrate, ( aScO , ‘2ll .0, m silky clllorcsccnt cr\ stals, 
can also be [irepared.''' 

An anhydrous acid salt, ('aScO , ScO.^. is deposited at (>() (' tiom 
acid solutions of the selemti’, and by evaporation at oidmaiy teiiijieia- 
tures, the compound ('alLSe,(),,.Il_j() can be obtained m jirisins and in 
hexagonal jilates winch are verv soluble in water and unchanged by 
exposure to the atmosphere."' 

' Rolilaiul, ZriOc/( nnoKf TAnw , l!H0, 66, 20l» 

“ (I’.'Nns. ihiA . I DOT, 53, 4 1'l 

’ Srhul/c, lU) , IHSt, 17, 270,') 

' Moi'.san, .If/H ('him ISDIl, (7|, 18, 289 

'■ do Eoii’nmd, , 1011, |S|, 24, 2.10, I'aOro ohUiiud 58 9 Cal , tfec/ . J8S7, [0|, 
10, 472. 

* Fabro. loc <il , (’onipt und, 1880, 102, 1400 

’ HpiikIciii and Hntli, Z< monj. ('him , 192:t, 126, 227 

* liprzclui'^. .‘Ihh Chxm yVi//v , 1818, [2|, 9, 22.'). 

^ Pauli, ,1«« I'hij.'id, 1012, [4|, 38, 870, Kittlrmann, ib\d , 191.5, f4|, 46, 177 

*" Schmidt, ihid , i920, 14], 63, 204 

'* Mii.spintt, .y Chfm Sue, 1850,2, 10.7 
Nilsun, bull Sve dam , 1874, [2), 21, 253 ; 187.1, 12]. 23, 3.53 
Nilaon, loc. cit Sw al.so Muapratt, lot. at 
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(’ALCIUM AND ITS COMPOUNDS. 

Calcium Selenate, CaSeO,, can bo ol)tain(Ml as tianspamit or 
Miilk-w bile ilioiobic j)iisms. dcMiblo icl’i action, by lusion ol an 

alkali sclcn.itc witli soilniin and calianm cliloi ulcs * If can onI\’ lx* 
luscd \Mth diHiciillv in llii' blow -japi', and it is slowl\ attacked b\ hydro- 
clilonc ac'id with twolntion ol chloinii' Tlic dciisit\ is 1).‘i and the 
baldness Ji "> 

'I b(' dibuliatc, (.’aScO, ‘JlljO, in nionocbnic ci\stals isoinoi pbons 
with <f\psnni, is olitaincd l)\ iniMiii* solutions of jiotassnnn selenate 
and ealeiuin nitiale and boiliiiii, "ben lb<' ei\stals* Ixaiiir less soluble 
III liot watei than in ixild, ari' dei>osit<‘d \Mxmi deb\drated l)\ lx at 
and tieated with watei, it si'ls like plastei - Tlx density is ‘2 

( MA U’M AM) TKIJA lllUM. 

Calcium Telluride. Caleinin nnil(‘s directly with lellnrmni al 
i(d lual '* An impure s.iinple ina\ also lx* obtained b\ leibieinj^ ealeiiitn 
telbiiati' with b\dio}j;en at MO' (’.* 

Calcium T’ellurite, CaTeO,, is obtained as a Ibx'dilent pn i ipilate 
soluble in boibne watei, b\ the action ol lellniions acid on a soliibb' 
ealeilini salt It is not ii'a^lllv liisible Ibi/ebns also mentions two 
aexi salts. CaO *2Te()^, Ol (’all/r<\,(),„ and C.iO or (all/re,0,„ ' 

'I'lx'V melt al while beat .and on eoolniir foi m an opacpie mass consist 
ol mieadikc' scales 

Calcium Tellurate, CaTeO,, is lomud as a while lloeenbad pie- 
eipitate b\ tlx* action of sodmni telbii.di* on ealennn ebloixb* 'I’lx* hot 
a(|neoiis solution j^i\es a powdei\ deposit on ( \apoialion 

( AIA H’M \M) ( linOMirM 

Calcium Chromite, (llatJrA), or CaO.CrA),, may be obtained 
as an oliM-^rcen (i\sl<illine powdei b\ beatm^r fouetlx-r potassium 
(belli oinali' <iii(l ealeinni ebloixb. and exfiaitmu "db eone( nl rail'd 
bydioebloiu* acid*’ On ))ie< ipil.il me a sobilion ol ebrome alum 
and a eab'inin salt with potassnini b\ dioxide m excess, a f,M’een in 
soluble eompoimd, eoi lesjxindino m (‘om|X)Sition with tlx* lormiila 
I'CaO.Ci , xICO, IS loinied ' It is less sl.ible than the loimcr (‘oni- 
}xiuiid, bein^Meadih oxidised to ebromate b\ liealmj^ in air liy beat me 
elironiiUHi sesipnoxide and ealemm oxide toj^etber in the (‘leetiie Inrnaee, 
baid j'leen ei \ slalline jilates ol deiisil \ I- 8 and eoinjxisil ion l-t'a(),C'r.,0 , 
are I'oimed.'’ Tbe\ are deeomposi d b\ water 

Calcium Chromate, CaCrO,, ma> be obtaiixxl by liism^r a 
mixture ol' ealeiimi eblorxle with polassmm and sixlium ebiomate It 
erystullises m line ix'edles,-' It may be pieeipitattd Irom a eoneen- 
trated solution ol a ealemm salt with sodium ebiomate, oi I'oimed by 
the action ol ebroniie aeid on (aleiuni ealUinate.” Reddisb-vellow 

' .Miclii-l, Conipt mid , IK.SS, Io 6 , 87M , /full Sor (fnin . ISHtl, (JL 49 , 211. 

- von tl.nicr, K Aknd It ias ll’crt, IKXO, 39 , 21111 

* Moihs.iii, lor (il 

‘ Hcnj'lcin and Ilotli, Znhili auouj ('h m , 1112 1. 126 , 227 

’ Itfi/i'lius, \iiii ('hull /'/<'/•>, I S:{.7 121 , 58 , 22.7 

'■ (U'lbcr, liiitl Soi (him . 1877, 121,27, t.{.t , l)uf.iii. ('oiujit nnd , 1811.1, 121, (ISII 
' I’oloii/A*. .!«» ('huv I'kiit 18.71. ft I, 33, "» 

** iJutaii, ifnd 181)7, 17}. 12 , 2.77 , Mois..hii, dud , J8!).7 171 4 , Kill 
® Bourge<iis, Cnmpt. nud , 1871), 88 , ’{82 
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ft tetrahydrate, (’aC'rjO-. tIT, 0 , as ycllowish-rcd prisms, and a tri- 
hydrate, M’a('t\,()7.;iir20, (brniin^j drli(|iies(*ent red erystals, are known. 
It IS I'aiilv soliihle in water. 

Calcium Tetrachromate, Ca2Cr,0,j.6H20, is olitained as dark 
red easily sohihle erystals l»v evaporating; over siilphnrie acid a solution 
of ehioniate eoiitainin^ a larj;e excess of ehroniie aeid.‘‘* 

Basic Calciii^n Chromate, Ca^CrO^.^HjO. M\lius and von 
Wroeluan prepan'd this eomjxuind hv saturating; ehronue aeid with 
nulk oC lime. It dissolves without deeoinposition and inav possihK 
he rej;ai’ded as a ilerivative of telrahvdrie ehronue aeid. 

Calcium Chlorochromate, Ca(Cr0-,Cl)2.5H20, is a yellow, hy*;ro- 
seopie, ervstallme eoiupoimd nulling; at (’.,•* formed hy the action of 
ehroniyl ehlon(h‘ on a mixture of ehronue aeid and ealeium earbonale 
With oi willwiiit ealeiiiiii acetate. 

( AIA II'M AND MOLYBDKNIIM. 

Calcium Molybdate, CaMoO,. Mixed with ealeium tuii^;slale. 
ealeium molybdate occurs naturally as a ^reenish-yi'llow nunend, 
junwlhtf, of density ilo Synthetic powellite has been prepaied ' 
By mi\m|> solutions of neutral sodium molvbdate and ealeium eliloiid(‘ 
and boiling, or adding alcohol, a white precipitate is obtained.'' d'he 
eomposition of the slionj;lv calcined piotluel corresponds with that of 
the neutral salt '• B\ fusm<; sodium molybdate W'lth sodium and ealeium 
ehloiides, and then I'oohny, a mass of small tetraj;onal ei’Nstals of the 
sail IS obtaiiK d.^ 

Caleium niol\bdate is soluble m acetic aeid The introduction of 
molybdenum into steel can b(‘ satisfactorily effected by the iiseol ealeium 
molybdate.^ 

Tri-, tetra-, and oelo-molybdales aie known,'** and a double 
amnioniuni ealeium paraniolvbdate."’ 

\'arious eouiph'X compounds <d <‘alemm and molvhdenum with 
iodine," and sulphur,'- ha\(‘ also beiai deseiibed. 

( AU HIM AND TDN(;STKN. 

Calcium Tungstate, CaWO,, oeeiins naturalh as tin* mineral 
sv/zee/iVe, in which some ol the ealeium is lephmed by molybdemini. 
It may be obtained by fiisiiif; sodium tunj;slate with ealeium ehloiide,''' 
or with ft mixture of ealeium and sodium ehlorules." By the addition of 

‘ Utilii, loc tit 

^ .M>liiis iiitd \(»n niiH-lu'in, loi at 

' I’latonii', Aiiiialni, ISSU. 201, 1 

' Miclu't, Hull »SV/( null (h Fiiuiie, 18SI4. 17 , (»12 

' I'tlik, liiiialiii, 1S(>7, 144 , 2(14, Smitli tiiul Biiutbuiy, Ifrr , ISi)], 24 , 2!>!t(l 

" Smith and Hriwllmi \ , tU 

' St)hull/o. AniinUii. I Slit}. ^126, 41 ) , lliortduhl, A'o/W Mui , 1887 , 12, III 

Kissoi'k, Met . Ji) 20 , 22, 1018 

" rilik, lo( (it and j) : 12 (), Hn^onhcim, Ziit^ih aiiouj ('him. lOK*. 96 , i:j!), 
K(‘ti\. thid , 1913, 79 , 292 , Ucinpi*, ihid , 1912, 78 , 298 

Iloscnlu'iin, hnPcit 

" flutHion, Ann Chun Phifi , 1898, [7], 15 , .'l.") 8 , Itlom'^tiand, Zntuch nnoui i.'fitm., 
1892, I, 10 

llerzcliuB, Fogg. Aiinnhn, 182(i, 7 , 201 

Manross, Annakn, I8r»2, 81 , 213 , 82 , 348 

‘‘‘ Michel, Hull Sot', Jiun^. J/j« , 1879, 2 , 142. 
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u 20 ])(‘r (‘(‘lit. solution (►(' sodiiuu tuujfstato to a l)oiliM^ anunoniju'al 
solution of (’alciuin (*liIon(](‘, tlu' calciuiu is «|uautilaliv(‘ly pmupitaUd 
in a licavv (‘nstnllinc fonn as ralrium tun^^stalo ' It ciystallisos in 
octahi'dra of density aliout O.- Tlu* solululitx is appioviiuatelv 1 Jiail 
In ijOO of water at l.T (' 

Crystallised ealeiuin tuiiiistate Iluoresees under tli(‘ inlluenee of 
X-rays, and inav lie used for intensifvins; the |)hoto«»riiphi<' effect in 
X-iav pholojri'Mpiiv.^ ^ 

The sp(^(‘ille heat of sdieelite is 0 00(57. 

Sevcial aeid ealeiuin tun(;states an* known ('a()2\V(), and 
('aO.2\VOj.0lI,(),’ ;U'a().7\V(>, ISH.O,- ( aO :i\V() ..OH.O,’ and 

('aO.tWO;,.10n,,().« 

Theie are also eomph'v ]>hospholun«;sl ales'* and silieolunijstaies,*'* an 
arsenoluii^'state,” and a l)orotun;j[state.'“ 

Certain eoinpounds |)r(ulueed hv the aetion ol an rlcelra* current on 
a niixtuK' of alkali tungstates with alkaliiK' eaith tiin<*s(ales, and known 
as tun|rsten hion/es, have been deseiihed I’ot.issio ealeiuin hron/e 
has the foinnila Ca\V,()i ,.r)K.,\V „ and the sodio-ealenmi hionzes, 
CaW.Oj , jiNa^W-/),. and CaU‘,(),. litNagW ' 

-V ealeiuin sodium paratuinjstate, ONa^O 2Ca() I2\\ 0,..‘{|1U(), is 
also known 

Ma//,ueehelli .ind Iiifjhillei i described a eoniplex pei tungstate to whieli 
Ihev ^ra\(' the name ealeiuin o/o-lun<;sto-oxalat(‘, Ca(\(), \V(),.1U(). 
'riu'v obtained il b\ tlu'aetion oflivdio^nai peioxi(le<)n eaJeium tun/^^sto- 
oxalate which is pri’jiared h\ the aetion of ealenmi ehloridt* on tin* 
eoriespondmo potassium salt 


(AIX'ICM AND UUANirM. 

Calcium Uranate, CaUO^, may be obtaiiusl bv fusing; eahMiirn 
<‘liloiide with oiccn iir.imuin oxide, r,()^.'“and th(‘ diuianate, CaldO,, 
bv heal mo with tiised ealeiuin or sodium chloride, the amor))hoiis uranate 
piepan’d bv aetm^r njion niannim oxide with eahaum chlorate 

Calcium Peruranate, (CaO 2 ) 2 .llO,.I 0 H^O, is fornu'd as a bright 
vellow ervstalline precipitate by the aetion of calcium eliIori(l(‘ on the 

‘ S.iinl-Scimn ('onipt uml , lOlU, 156 , HUM, dr Solnilldi. Hull Sor min dv Fnina, 
IDOIl 26 , 112, bcloit, ln;( ('Inm 1H7K. I.")). 15 , 112 

‘ Maiiross, W al , ZAinhimnn, Znheh Kryhl .l/iw , HMM5, 41 , ,')li . do SchulUm, 
rit , found the don^ity of tlio ]»rot ipitiittsl salt to lu) .'542 
‘ licfort. lor rtl 

* llodjfijon, iVn/v lirviciv, IDIS, [2J, I 2 , 431 
' Kopp, Annalcn Siippl , lSfi4 3 , 25)(5 
*' von KnoiTO, Her, i.SSo. 18 , 321) 

’ Lefort, Ann Cfiiiii Phys , 1871). [61, 17 , 470 

'* yehcibler, J puikt ('hem , 18(50. |l |, 80 , 204 , 18i5l, (IJ, 83 , 273 , Wymuboff, Hull 
iS’of /m/ff Min , 1892, 15 , *5.3 

® (JibbM, l»ier < hrm ./ . 188.)-(). 7 , 392. IVi hnnl, Compt luid , 1890, no, 764, 
Ann Chim l’hy> , 1891, [(5). 22 , 233 

Marigiiap, Ann Chun Pkys , 1804, [4J, 3 , 6 
" Kehiitiann, Aniictlfiti, 1889, 245 , 46 

Klein, Ann Chun. PJufS , 1883, (.)1, 28 , 360 
Kii^rcb, Zcitach annrq C'fieni . 1903, 37 , 12.6 
Goiualoz, ./ piakt Chnii , 1887, f2|, 36 , 44 

.Mrt/./.ucchelli and Inf'hillori, Alli K. Aicad Lincei, 1908, f 6 |, 17 , 11 , .30 
'• Ditte, ComjJi itnd , 1882, 95 , 988. see Jahresher , 1882. 230. 
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correspbndin/j .sodium .salt. Tt belongs to the rhombic system. Witr 
sulphuric ncid liydrogcn peroxide is formed.* 


CALCIUM AND NITROGEN. 

Calcium Nitride, Ca^N^, m an impure state was first obtained b\ 
Maciuenne by heating calcium amalgam in a current of nitrogen. * 

Moissaii prep&red it as small, transparent, yellow-brown crystals, o\ 
den.sily at 17“ C., by heating calcium in a nickel boat m a eurreni 
of nitrogen.^ “ Active ” calcium,* produced by melting and then 
cooling slowly to form a coarse-grained crystalline structure, begins tc 
absorb nitrogen at g00“ ('. The maximum action is at UO® C., above 
which temperature the rate slows down until it ceases at 800" C. The 
absorjition is favoured by tiic presence of a superficial layer of nitride, 
Ry (juickly chilling metallic calcium from StO" C. an “ inactive ” form 
is produced which only begins to combine with nitrogen at 800° C 
“ Active ” calcium produces a brown nitride, and “ inactive ” black 
The velocity is expressed liy the formula r -K where v is the 
velocity, P the pressure of nitrogen, and K a constant. 

Pure calcium is almost jiassive towards nitrogen, hut the pri'siMice ol 
more electropositive metals, for example, potassium and hanuin, 
accelerates the ahsorption, arsenic and antimony retard it, and hismuth 
cojipcr, and zinc apparently protect it completely. Caleium nilruh 
always acts as an accelerator. With a suitable alloy, containing alsf 
5 per cent, of nitride, pure argon can be obtained in a lew minutes fron 
atmospheric nitrogen, even below 320° ('.* 

The melting-point of calcium nitride is about 1200° It react' 
with chlorine and bromine vapour m the cold, or with only a slight rise 
ill temperature, with iodine vapour at dull red heat, with phosphorus 
and sulphur at red heat, and with carbon in the electric furnace, forming 
carbide, the (‘yaiude being an intermediate product. Water attacks il 
immediately, gning ealeium hydroxide and ammoiua. With diluti 
acids it forms ealeium and niiimoninm .salt.s, but is not affeetisl by eon 
centrated .sulphuric and nitric acids. Alcohol reacts with it ai reii heat 
forming the ethylate and ammonia. Sodium, potas.sium, and magnesiun 
have no effect upon it at red heat. When heated strongly in hydrogen 
calcium hydride, nitrogen, and some ammonia are formed. The reactioi 
is reversible, according to Haber and van Oordt.® Ammonia is no1 
formed in the reverse reaction. 

CagNg ] 

Moissan proposed the use of calcium nitride as an intermediary ii 
the fixation of atmospheric nitrogen. 

' MelikofI and Ih.'naarjewaki, Her , 1897, 30, 2902, 

* Maquenne, Bull. Hoc dim., 1892, [3], 7, .366; Compi. rend., 1892, 114, 25; Ann 
Chim. Phy9., 1893, [6|, 29, 216; see also Compt. rend., 1898, 127, 618. 

* Moissan, Cmipt. rend,, 1898, 127, 497. 

* Siovorts, Zeitach Elekirochein., 1916, 22 15 ; see also Brandt, Zeifsch. angew Chem, 
1914, 27, 424. See p. 16. 

* Ruff, Zetfsch. physikat Chtm , 1922, 100, 419 ; Ruff and Hartmann, ZeiUch, arum 
Chem,, 1922, X2l, 167. 

* Haber and van Oordt. ZeiUdi. anorg. Chem., 1905, 44, 341 j see also Rcid am 
Serpek, Htlv. Chim. Ada, 1920, 3, 138. 


The heat of formation of rnleiiiin nitride is 111-2 I'a)/ 

Calcium Azide, Ca(N,),, is obtained bv treatinj^ lime wiiii iv 
dilute solution of hydrazou- aeid, and e\ aporalinjjf o\er siilphnrie acid, 
or by boiling freshly preeipitaled (‘aleiuni hydroxide in excess with a 
solution of ammonium azide.* It forms small, wdiite, hemis|)herieal 
aggregates of rliombie crystals which explode \iolenlly on healing, but 
not by shock,* the explosion temperature being 158° (',;■* mliogen is 
evolved and metallic calcium remains. * 

It is hygroscopic, readily soluble in water, and isomorphoiis with 
liarium and strontium azides. 

Ticde suggested that the azides of the alkalies and the alkaline earths 
might be used for the preparation of pure nitrogen bv decomposing 
them in a Oaede vacuum. The temperature at which the evolution of 
nitrog(‘n from calcium azide begins under these eondilions is llO'C., 
but 100° IS then suHicu-iit to maintain the reaction.® 

Calcium azide is very soluble in water, 100 parts dissoKing 
parts of the salt at 0° C., and 15 0 jiarts at 1.5-2° C. It is only slightly 
soluhle in ahsohite alcohol and insoluble m ether. The mpieoiis sidntion 
can be evajiorated without eliange.* 

Calcium Ammonium, or Calcium Hexammoniate, Ca(NH,)(,. — 
Metalli(‘ ealcium (IissoIms in lapiid ammoma, forming a blue solution. 
On passing ammoma o\('r metallic ealeiiim at 1,5°- 20' C. h(‘al is evolved, 
and a bionze-eolonied solid, which takes liie m air, is left. Moissan 
ga\e to It the formula Ca(NII,),.“ 

Kraus studu'd the vapour pressure of the system ealeium ■ ammonia.^ 
Two luinid phases m contact with one another may be obtained. At 

88° C. the dilute pliase did not exi'Ced grum-alom per litre, wliilst 
the eoiiefiitraled phase had a metallic relleetiou. The form of the 
vapour pressure eiirvo iiidieated the prcseiiee of only one eompoiind and 
that had a composition Ca(NTl; 5 )«. 

healing under reduced pressure, Hololfseii observed explosive 
dceoiiifiositioii which he ascribed to an unstable ammomate of eoin- 
posilion ('a 2 (NII.,), and he suggested the existence of a seriijs of 
ammonium compounds.^ 

The following values for the dissociation pressures of the licxammoui- 
ate liavc lieeii fouiul ^ : - 

Temperature, ° C. . . -11 12 

Pressure in mm. mereury 17-5 ,50 807 

The heat of formation ealeulaied from these dissociation })iessures 
is 10-32 Cal.i® 

• Calcium hexammoniate exhibits metallic electrical conduction, as 

‘ do Forcrand, Ann Chim. Phyi , 1911, [81, 24, 2')d ; (Junt/. and Hiihsott found JI2 2 
(fal , Compl. rend , IfK)"), 140, 8158 

“ Curtiu-i and Riss(tm, J. piakt Chem , 1898, |21, 58, 285. 

® Donnw and Henedict, J. Amer Chm Sor , IH98, 20, 22.5, ZeU-trli nnauf, ('hein , 
1898, 17, 18 , see also Curiius and Rjssom, hr. rU 

* Wohler and Martin, Zett^ch. angew, Vketn . , 1917, 30, 33 

» Tiedc, Her., 1916, 49, 1742. 

* Moissan, Coinpt. rend., 1898, 127, 085 ; 1901, 133, 71."). 

^ Kraus, J. Amer. Ch^tn. Soc., 1908, 30, 6.>3. 

* BotoUson, Ann. CAim., 1022, [9], 18, 1. 

® Blitz and Hflttig, Zexisch. anorg. Chem., 1920, 114, 241 ; Blitz, Zeituck. ElekUochm., 
1020, 26, 374. 

See also Krai^, he. ciU 
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also <U)es the liqiiifl frf)ni wliicli li is precipitated. Tl is probable tliat 
ammonia is eomhmed wjlli the nu'l.d iti the same way as m amniomated 
salts or soKaled ions, and that m soliilion a free posit i\e ion, C‘a(NI[;,)t' 
such as is present to sotni- i xlent wlu'ii a ealemm sail is dissolved in 
ammonia, and \\\o ne^ati\e eleehoiis are Ibrnied.' (iibson and Arf>o 
consider Dial th(' eolonr of tin solution is <lue to the eonibinalion of 
I he sohent wilh 1 hese eleelions.- 

Acetylene leaeis with ealemm ammonium at 7 ( 1 ’ {^nnif*' a 
eom|ioimd to which the lorimila ('a(\ ('0I4. INII , has been as- 
enhed.-' 

Calcium Airiide, Cla(NJIo)^. When (aleiiim anmiomum is kept at 
ordinai'v tempeial nres, e\en m eontael with ammonia, it slowly d('- 
eoinposes, ^MVin^f lranspai<‘nl crystals of ealemm amide, ('a(XIC)2.‘ 

Hy th( aelion »»r liNdronim on ealemm nitruh' at .‘»)0 Dalert and 
Miklaii/ obtaiiK'd anotlier amide to w’hieh the} i»a\e the torinula 
(■a,{NIl,),'‘» 

A miniher ol suhstilnled amidc'S ha\e been prepaied by the action of 
orj.fanie amino-eom|)Oimds on ealeiimi, loi example', ealemm anilide, 
t'a((',ill-Nn ),, ealemm ortho- and jiaia-tolylamide, ('a((’-lLNll )j, 
ealenini diplieiiN lamidi', (‘a{t', and so on 

H\ the aelion of potassainide on a ealemm salt m ammonia soinhon 
a while, ainoi pilous, mieioer\ stallme preeipilab' is obtained It is 
msolubh' 111 Inpiid ammonia but is dissohed and decomposed hy a 
solution ol' anmionmin mtiate m liquid anmionia, and is hydrolysed b\ 
w'ate'i’ with the pioduetion ol ealemm hydroxide and ammonia Franklin 
re^nirded it as ('aNK.2NHj, ami called it potassium ammonoealeiate'. 
The (oi inula mi^lit also lu' written as that ol a molecular eompoiiml of 
the Iw'o amides ('a(NlI ^)^.KN IIo.’ If there is no excess of potassamiih'. 
ealemm amide only is t'ormed 

Calcium Imide, CaNII, is Ibrined as a f^ieyish-white powiler hy 
])assm^ a inixtiiri' of h\<lro;»eii and nitrogen oxer lieated ealemm nu'tai, 
lulridi', or h>dride, at TJJO’ 7 a 0 ’ It is extremely seiisitixe to li^^hl. 
a I'ew minutes’ exjiosiire eaiisin^J it to tiiin a daik blown colour owm^ 
to the liberation of ealemm nitride m aeeordaiiee with the follow m^f 
etpiation : - 

K’aNlI---Ca(NIl2)2-t Ca^Na. 

'J'he reaction may be reversed by heat. 

By lieatinj^ in vacuo, the imide is again formed and ammonia is 
split off. 

Ca{NIl2)2.-:(’aNII+Nn3. 

Calcium Hydroxylamite, Ca(ONH2)2, is formed with the evolu- 
tion ol a jias when ealemm tilings are treated xvith aiihjdrous hydroxyl- 
anime at 5'^ L. An extremely explosive w'hite salt separates. On 
vvasinnj* with absolute alcohol and drying in vacuo over sulphuric acid, a 

' Kraus, Un (il , J. Amer, Cheni Hoc , 1922, 44, I21ii 
- l-iibson ami Ai^o, ihd , 1918, 40, l;{27 
’ M()ls^an, Compt mid , 1898. 127, 911 
* Miassan, Ann Chun . 1899, f7|, l8, 289 
' Dah’it null Miklau/. Monnlfth , 1913, 34, 1158,7 
“ Ealniami and \nn dcr Sini'^.s™, Annulm, 1908, 361, .13 
■ Franklin, J Amer Ckem. Hoc , 1915, 37, 2295. 
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white amorphous p()\\(lcr, dehinatln^ at 180° is olitainec) Water 
hydrolyses it, loi mm^jealeiiim lT\’rln»\ide and hvdrow iaminc ’ 

Hy digest 111 ^ calcium h\dio\id(' or carhidc uilh a mctlnl alcoholic 
solntmii of h\tlro\yl;nmiu a basic <*oinj)omul. I'aOIl OXli,, is loimcd - 
It IS a \vhit(‘ siihstaiici* dccomposi d I)\ water and acids. 

Calcium Imidosulplionate, CajN^lSO,),, obtained b\ Ik at hilt 
pure ealeiuin hydroxide willi a solution ordi.nnmoninin iinKhisiilphomitc, 
has been desei ilu il ’ It I'oi ms tianspan nl ci \ slals piobabK ^■onl.lmmJ^ 
10 moh'cuh's ol watei ol cr\ stallisation 'Fhcic is ,dso a calcium sodium 
imidosulphoiiidc, l'a\aN(S(>,)j OlCO, and a calcium amnionmm and 
a soliibh' acid calcium salt whu h ha\ c not b< i n an.iK sed 

Calcium llyponitrite, CaN^O^ 411/), is obtamul bv tin adum 
ol sil\er h\|)omtriti J or sodium h\ pctiulnli-.’' on <‘alcuuu (‘hloridc It 
IS cr\stalhue and stable at oidmai\ tempiaat ur(‘s, but at 100 C l,m\cs 
u|) water with paitial d(*composft ion It is not \cr\ s<»lubh- m w.iler. 
Sulphuric a( id dccomposc's it willi I'flciw <‘sc(‘nce Most oxidisiiiii a<:cnts, 
such as biomiiie, lodmc. cluonuc acid, and h\ pobimnitcs, icact \civ 
\i;,M)rousl\ willi i(, but potassium jici man^'anab icacts only slowl\. 
It dissoKcs III acclie acid at lempciatuM's bcfwK'ii Ott and 100 (' 
loiuiiM^ an unstable ci\slalhiu compound, soluble m watei, to which 
Ma(|ucim( as( iibcd the foimula 

(aN/)2la((’ll3(’()()),2(n,('0()II UI,() 

Calcium Nitrohydroxylamiiiate, CaN^O,.3Ul.(), is pnpared 
by the action ol the «*oirespondm}> sodiiuu salt on caleium chloride 
solution. It toims t laiispaiHMil cr\s(als oul\ sh^flitlv sohibli* m watei, 
and decomposed by mineral acids and a<-<tie acid On hcatiiijr to 
l2iV (' it loses ;j molecules of watci, and at a still hi}»hei tempcialurr 
breaks up into a mixture of nitiite and hypomtrite." It is alsei de- 
composed by miiK'ral acids and b\ acctic acid 

(Calcium Nitrite, (^'atNO^,)^ ma\ beobtamcel by caicful calcmat loii 
ol (he iiitiatc, with or without ;i icdiicm;* a_i;<-nt,‘ l)ut this is not satis- 
laclor\ owmjr to the* tact that the iMiipcralun at which dt'composilion 
of the mtiate commences is .>00 t , wheieas lot the nitrite it is 220° C. 
It ma\ also be prejiared in solution liv tlu- action ot sihcr nitrile on 
cah-mni clilonde'.** Fiom this it cr\stalliscs in \cr\ tamlly \ellow 
tiexaeonal needles '* w Inch contain I molecule ol water of <'r\ slallisal ion 
and are isomoiplious with barium ami strontium mtiit(‘s 

Dehvdratiou o\ci sulphuric acid ajipcars to ksijIL m tin* formation 
of a half-hydrate, l'a(N02).j UI.3),'' and Oswald**’ obtained a Iclra- 
hydratc ('a(\0.2)2. HI,,!), of density 1071- at 0^ (\ The hydraled 

‘ Klilci and J pulU ('firm, lJK>h, |2). 78, 2Ht» 

- Hofmann and Kohbchntt-cr. r/wou/ ('h<m , tSilS, i6, 4i»{ 

* Duns and 11 . 1 ^ 11 , Tran- (,'kcni Sw , IH5I2, 6 l, 5)42, 69 , 1<)20. t'lnm Xtion 

fSStli, 74 , 2(i'J * 

* Maquonne, d/iH ('him /’Ays , IS81I, jli], 18 , ^> 6 . Kirschnci, Z/i/>rA nminf ('hn». 
189S, 16 , 424 

■’ Divorn, Trans Chum So< , 1899,75, 117 

^ Aiij^eli and Angelico, dazzeiUu 190U, 30 , 1 , rdKJ , Aiigclicn nn«l ihu! , 

31 , u . In. 

’ t’Koher, /’oyy .lAma/en, 1848, 74 , 11.7 , l^ng, 1 A 7 J , 18tt:i 118 , Jhl , I!.iiu|m . h, 

IS 8 ‘}, 125 , 211 , Imt ^oc (bwald, Ann ('hwi., 1914, |9], i, 22. 

Vogel, ZeitecA anoiy C'/tcni., ltH>3, 35 , 28.7 , Oswald, tor. 

Ray, Trann. Vhtm. JSoc , 19U5, 87 , 177 
Oswald, be. at 



fun Ijc dehydrutcd in vacuo over phosphorus pentoxide without 
’^ecoiuposiiion. The coiucntrated lupicoiis solution undeijjoes hydro- 
lysis al 100° ('., hut neither the solid nitrite nor the sahirateil solution is 
oxiiiised hv ox>^fen at atinosjihene pressure. Oxidation only oeenrs 
in the presence ol' acids, and is then due to the o.vulation of the deeoin- 
positiori products of nitrous ueid. 

Ciileiuin nitrite is very soluble in water, but not in alcohol. A solu- 
tion saturated at l(i° ('. contains tti-3 percent, ofnitrite, and has a density 
ol 1 l‘20r). 

Oswald slndied the system, ealemm nitrite; water, from the pond 
of view of the phase riili* and obtained the followinj^ values lor the 
eoneent ration of the saturated solution of ealeinm nitrite at different 
temperatures ' : 



l‘cTn‘iitugo 


'IVtrijKTaliiif, “ (‘ 

(‘oiu'ontration ot 

Solid 

Solution. 


- 1 

10 7“] 



- 0 3 

25 5 



- 113 

28 4 


lee. 

12 5 

29 5 



- 14 5 

32 oj 



- 05 1 

30 2 



0 1 

18 5 1 

38 3 
43 0 
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12 1 

51 8 
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55 2l 
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70 

00 3 
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Ca(N02)2.II,0 

73 

01 5 



01 

71 2 J 




The eutectic point is at 17-5° (’. at a eoiiecntration ol' .‘15 jXT cent, 
of nitrite. The transition from the tetra- to the mono-hydrate takes 
place at a tcinpeniturc of H d 2° and a eoiiecntration of ,i;h5_Ll 
per cent. 

The nionohydratc is unchanged in air at ordinary temperatures, and 
the tetrahydrate effloresces, or is nnehunged, according to the pressure 
q 1' water vapour in the air. Over phosphorus pentoxide, under a 
jiressure of a few eentiinetres of mercury, the tetra- changes to the mono- 
hydrate. • 

A double nitrite of ealeuim and ca-siuni is known, Cs2Ca(N02)4.il20,^ 
and also one of calcium and mercury, Hg(N02)2.Ca(N02)2*5H20, which 
Ray regarded as containing the complex dkujlient anion Hg(N02)4~“.* 

Triple nitrites with potassium and eoppei Jaave been described,'* 

' Oswflkt, tor. cit. 

* ,Jal)llP^<ln, Atnet L'hcm. J., 1907, 38 , (514. 

* Ray, Traits. Chem Soe., 1910, 97 , 326. 

^ PRibylla, Zettsch, anorg. Chem , 1898, l 8 , 448.^ * 




Calcium Nitrate, Ca(N03)2, ‘lol occur ns a luiiicnil form 

often found in natural waters and in the soil as a product of put re- ' 
faction and bacterial nitrification. The Ictrahydratc forms jmrt of the 
efllorescence often seen on damp walls, especially on the walls of stalilcs. 

It is prepared by the neutralisation of cnlcium hydroxide or calciinn 
carbonate by nitric acid. The anhvdrous salt, which may be obtained 
by drying the hydrated salt at W is very dclKjucsceiil . The 
melting-point is 1.99° at which temperature dfreoin position has 
already set in to a slight extent.- The eutectic mixture of potassium 
and calcium nitrates, containing 25 HC ])er cent, of the latter, melts 
at 251° C.3 

The heat of formation of anhydrous calcium nitrate from its ('Icments 
is 21G-7 and the heat of solution ;P95 (al.'' The dcnsilv is 

2-240-2 -SO The anhydrous salt crystallises from a hot aipicous or 
nitric acid solution m mieroseopic regular oetahedra.' 

Calcium nitrate is very readily soluble m water and tends to form 
supersaturated solutions. The piopcrties of aipieous ealeium nitrate 
solutions have been extensivelv investigated with reference to tbeir 
boiling-points,® free/ing-points,’' vapour pressures,^" densities,*’ ri'frae- 
tive mdiecs,'^ viscosities,'® eleetneal eonduetivities/' and degree of dis- 
sociation.'*''’ The boiling-[)omt of the satiiiated solution at 7(50 mm. 
pressure is 151° ('., and the solution <‘ontams 79 ))er eenl. of ealeium 
nitrate.'® 

The Ilfjdrates oj Calcium Nitrate, ('aleium nitrate forms several 
hydrates. The tetrahydratc crystallises from solution at ordinary 
teiiijiei’atures in long monoelime needles.'’ The density is 1 -82.'® 'I'he 
heal of hydration of ealeium nitrate is 11 200 Cal., and the heat of 
solution of the tetrahydratc --7 250 Cal.'® 

From vapour pressure measurements Leseix-ui eoueliided that a 
di- and tri-hydrate probably exist. “'* More recent work has not only 
confirmed this, but has levealed the exisleiiee of a second and nnslable 

‘ Uanii.a\ and r/nl }f(uj , 1890, (.>|, 41 , 300; Cauh'IJov toiind 

00Cj.() C, Tians Ch HI Su( , 1878,33, ^'-5 

^ Oswald, loc. cU 

' Outhru', Phil Matj , 1884, [OJ, 17 , 402 

* Thomsen, ThmmchcimMry, traria 5>y liiiikc (Loiigmaiih, On'cn k Co.), 1908, )> 324 

'' I'hnmsen, kc. cii. ; J pralcl Vherii , i872, [2), 17 , 105 

* Clajke, Conotank of Xaiure (Mannullun & (’o ), 1888, j>. 110, soo also Filhol, Ann 
Chim Phijn., 1847, |3|, 21 , 415 ; Eavre and Valsoii, Compt imd , 1875, 77 , 579, 

’ Ki'tgcis, Zniorh Kryit M%n., IK89, 21 , 257 

* (h-rhuh, Xeitsch anal Chnn.,, 1887, 26 , 413. 

* Arrhenivih, i^eilsch. physxkal. Chetn., 1888, 2 , 491, Uiid(»rlT, Poyy AmntUti, ISlil, 

114 , 03 , .hmc’h and (iotui.in, Zethti-h phymkut Chon , 1904. 49 , 385. •' 

Wullnier, Poyg. Annolcn, 1800, lio, 564; Wwldell, ('hftn. Sruv, 1895, 72 , 201. 

(lerlaoh, Zetkeh anal. Chon, 1888, 27 , 310, 329. 

Darrnen, Beibl. Wted Anncdni, 1881, 5 , 579, Jones and (letman, tor, cit 

** Wagner, ZtiUtch. phyokal. Chem>., 1890, 5 , 31. 

** Kohlrausch and (iriiueieen, SitzuTUfsber. K. Aknd irov^. Berlin, 19U4, 1215 ; Mao- 
Gregory, Wted Annahn, 1894, 51 , 126. 

” Jones and Getman, kc, cil, 

'* Bassett and Taylor, Trans. Chem. Hoc., 1912, loi, 576. 

Mangnac, Ann. Mines, 1856, [ 6 J, 9 , 1 ; Millon, Ann. Chim. Phys , 1842, [3], 6, 73 ; 
Compt. rend., 1842, 14 , 905. 

‘ Clarke, kc. cti. ; Filhul, tor. ctl. 

Thoinsen, J. prakt. Chem , 1872, [2J, 17 , 165. 

*" Lescoenr, Zetbich. physxkal. Chem., 1888, 3, 761 ; Ann. Chtm Phys., 1890, 16J, 21 , 
611; see also Millon, Ann Chtm Phys., 1842, (3J, 6, 90; Gemez, Compt. rend., 1009, • 
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moclilicatjon of the Ictrahyciratr.' The nature of the solid phases in 
contact A\itli satiiiated solutions of ealeium nitrate at different teni- 
jx-rafuus IS indicated liv the* curves in Fi^r, t.- 

'I’lic crvolivdne Icniperatiiie indicated hy point A is ‘JS-T" at a 
coMce lit ration of t ‘2 !) |)er cent, ol anliydrous salt. 

'flic melt 111^^ -point ol the stable a-telrahydrate {point H) is I2 7 '('.,‘ 
and ol the /:l-forni (point li'), .‘ 1 !> li ('. 

'I'hc tnlivdraH-, the stable hydrate bi'tween (' and K, which lornis 



Gtams Ca{N0J,in 100 ymnis of solution 
Kio t. - K([Uilil)riH 111 sxsli'M), (utdiini waloi 


llattciicd prismatic crystals apparently bi‘lon}.tm^>: to the triclimc s\stcm, 
melts at 5 M ('. (])omt D). 

'Fhe diliydrate m smaller [irismatie crystals has no true ineltmj^- 
point, as can bo scon from the diagram ^^here the ran^^e of CMstcncc is 
line KK lymjj Ix’twoen the tennioratures 18 V' and (', 

As the line F(i shows, there is only a \crv shjjht increase in the 
solubility of tlie anhydrous salt with rise of temperature. 

A liexahydrate, ('a(N()3)jj.Gll^O, of melting-point ‘iO t® is men- 
tioned by Tilden,*but there does not appear to be any conlirmatory 
evidence. , 

Falcium nitrate, know-n as “ air-saltpetre,” is obtained technically 

‘ Bjusiiett amt 'luUoi, Tioim ('firm Sor , 1912, loi, .ITIi, Tjiyloi amt lli'iidt-noii, 
./. .tz/ff/ ('ficvi Sor, ]91.'i, 37, IfiKH. soo also Anln'iim.'*, Zz-i/Ac/t physikal (’firm. 1888, 
2 , 491 . Kuddiff, Pogy. Avmhtt, 1861, 114 , 621 , Haoult, Zcit^rh phhdul C'hfin., 
1888, 2 , 488 ; Jonos and tlotman, ibid,, 1904, 49 , 38/5 , d'Aris and SiegttT, ibid , 
1913, 82 , 35. 

‘ Sen Calcium Chloride 

•* Morgan ami Owoii, ZeiAs(/i. unoig. ('firm , 1908, 56 , 168, obtHuiod 42 31’ C. 

* Tildon, Trans. CAem. Soc., 1884, 45 , 266 , 
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in I lie lixation of alrnospherie nitrofifcii l>v the are ])ioee‘>s. tlie nitrous 
jjases bein^f al)sorl)('(l by ealeiuni oxide oi ealeiiiiii earlxuiale ‘ It is as 
efh'ctne a h'ltiliser as sodiniii iiili.de, lad d has not ajijieared to any 
^u'cat extent in tlie Kiiijlisli (‘oiintiv markets*^ Th(‘ dillienlties caused 
1)\ ds hy«,n-oseoj)ie nature have lo some extent lieeii overeonu' 

Till* jueparaliou of ealeiuni ndiati' on a eonunereial scale b\ Ihe 
bacterial oxidation of ealeiuni evanannde, oi oi .inimonnnn eoinpoimds 
in the ju’esenee of ealeiuni eaibouale, has also Incn sunncsU'd •' 

A patent has Ixim lakiai out foi n(‘idi<ilism^ nitiie acid with a niixtiire 
of nx'k phospliate and hniestone * \ haid div ni.iss ol eoiisiderablo 

l('rtilismo value is said to be obtained. 

liUUtUm ('(lUiiunuiils (’aleiuni ndiale solutions .ibsoib aimiioiua 
more readilv than does puie w.dei,' I'videnllv as Ihe lesiilt of Ihi* 
foimation ol a (‘omplex cation ('a(Xll,)„. 

(alcium mtiati' is veiv soliibh in etlivl alcohol and lornis an 
aleoholale, ('a(N().^)., ‘JC ,II-,()II " It also dissol\«‘s le.nhlv m melhv'l, 
|)iopvl. isobutvl, and amvl alcohols, ami m acetone, but not in ellier 
and p.ii aeelald(‘h\ d( . 

Basic (Calcium Nitrates. It ealeiuni hvdioxide be added io a 
satuiated solution of ealeuim nitiate until no moie dissidvi's, the lM|md 
bei omi's semi-sohd attei .1 few minutis and eonlams eivslalsol eom- 
posilion ('a(N()_,)_.Ca(()l 1 ) 2 .ilLO TIu' compound loses its water ol 
ei vstalhsat ion at iOO (' , and is deeonJ)X)sed b\ water’ Bassett and 
Tavlor ^ave the foimula as ( a^N/K.till^O, amlstati'd that at 100' ('. 
the hvdrates C a^N/); 211^0 and Ca^Njfk.O .‘ill/) niav be obtained ” 
Quiekhim. when slakeil with a eonedilialed solution of laleium 
mil ate. j,nv es w lute needles of t In* eonpxmnd 2('a(()ll )j (’a(\() ,)^ 2l 1^0 
which become turbid on the addition ofvvatii 

C'AIA'JU.M AND IMIOSPlIOBrs. 

(jalcium Phosphide, Ca,P^, was lirsl obtained lu au impme foim, 
piolxdilv eoulammated with phos|)hale, bv the action of phosphorus 
\a])ouron i(‘d-hot liiiu'.’' Phos])hoius and metallic ealemm combine 
dneetiv to ^ive amoi pilous eah'ium phosphid(‘." 

Moissan obt. lined a red ervstallme phosphide b\ the redm-lion of 
tiiealeium jihosphate bv carbon in Ihe eleetiie luinaee It is a re- 
fiai'torv subslanee onlv iused ni the elei'tiie luinaee The deiisitv is 
2 at l.T' ('. When heated n\ idcuo it slo\vl> deeoiujxises Ilydro^u-n 
and mtro^ieu have no action even at 000^ nor boron, carbon, sul- 

' S( lirnilici f , Turns Amtr Klei I um fu m .s'or , 1905), 16, liil 
- Kiis-'dl, ./ -SW Chun /«// , 1917, 36, 2'»0 , Ap/t ('hnn 1915), 4, .'{OH 

-• Tlioisi-ll an<l Lundon, Itntish I’iiUmu., i:}U9:{. J.'WKHl!. liCiKS:} 

ntM» t'hi'm 11)20, 14, 919 

* l{(jw<)rtli, l■’n^^lls)l I’atcnl, 114879 (1917), mS*./ Snc Vhtm In4., 15)18, 37, (liriA. 

’ llaoult, Ann. Vhim , 1874, [fi], l) 270 
" d’Ans and Sxi^ilci, /.nt'Xt'h pfttf^nkal ('hnn , 1919, 82, *7 

■ Werner, dxn. (7 m H i TAy* . 1892, [fi|, 27, 670 , ('ompt n a// , 1892, 115, 105) , Camritin 
,ind Rolnnhim, ./ I'hysna] ('hnn , 1907, ii, 279 

** Bassett and 'I’av lor, Trans ('hnn Soc , 1914, 105, 1920 
" Busvold, Zo/f'/i nnouf (7if'?/i , 1910, 98, 202 
'riieriiiid, ,'l;iH ('hun PhifK , 184.7, [Uj, 14, 7 
" Moissan, \bid , 1899, |7], 18, 289 

Moihsan, ('onij)l rnid , 1899. 128, 7H7 , KkAu» Finnan. Kiifilihli li.\ii>liili..ii l>y 
iMoiiilpicd (Williams & Norj:at<«). 1904, p 281 ; toe also Koimull, ('ampf inid , 1895), 128, 
883. 



fpKufetted hydrogen, and ammonia at 700“ C., 6iit in the electric furnace’ 
"phosplmnis is replaced by carbo/i. Calcium phosphide is decomposed 
at oiic(‘ by wal(*r and dilute acids, giving phosphoretted hydrogen, but 
not by concentrated nitric and sulphuric acids in the cold. It burns 
brilliantly in oxygen at giving lime and phosphorus pcntoxide. 

Sulpliiir also reacts at 300“ C. with considerable evolution of heat. 
Chlorine and bronime react vigoioiisly at 100“ and iodine at red heat, 
as also do the halogen acids in the gaseous state. There is a vigorous 
reaction with ineandeseenee ^^hell the phospliide is heated with an 
oxidising agent such ns potassium chlorate, diehroniate, or perinanganato. 
Absolute alcohol, ether, benzene, and turpentine have lui action at 
ordinary temjieratiires. 

Ignition of an intimate mixture of ealeinin phosphate and alumimuin 
powder affords a ra])id method for obtaining a soiiree of pbospliorns 
Iriliydride wlileh is not spontaneously inflammable, and is only eon- 
taniinated with a little hydrogen. ^ 

Ciilcium Dihydrohypophosphite, Ga(H.^PO.j2, obtained liy 
the ardion of phosphorus on boiling milk of liine,^ or of water on the 
jiliospliide.* It forms anliydrous hexagonal nioiioehnie crystals, easily 
soluble in water, 1 part of salt to 0 of water, hut insoluble in alcohol 
and unchanged by licat })elow 300“ C. Above lhat temperature it is 
decomposed with loss of \\ater and })h<)spboretted hydrogen, and forma- 
tion of ealeium pyro- and meta-phosphate,'* in the nioleeiilar ju'o- 
portions of 8 to 1. 

It IS enijiloyccl in thcrapcuties. 

Two double salts arc known, a ealeinm cobalt hypophosjihiU', 
Ca2C'o(ll2P02)fl.2H20, forming enioreseerit red octahedral crystals, anil 
a ealeium cadmium salt, which may, however, be a mi.xture.® 

Calciupi Hydrophosphite, CaHPOj, or neutral ealeium phosphite, 
is obtained as a white crystalline pow'der by precipitating ealeium 
eliloride wdth ammonium phosplutc.® The crystals have* the (*i)iii- 
position ll4Ca2P207.2ll20 or 2('alIP()3.2H2(), and lose 1 molecule of 
water at 100° C. and the rest between 200° and 300" The diy salt 
is deeoiiiposed at red lieat and the solution on boiling. 

Calcium Dihydrophosphite, Ga(H 2 P 03 ) 8 , or Acid Calcium 
Phosphite." Hy dissolving calcium carbonate m phosphorous acid, in 
the proportion of 1 molecule of the former to 2 of the latter, and 
evaporating in x'avuoy a crystalline eompoimd of the eomposilion 
( a(Il2P03)2.ll2() is obtained.® It loses its water of eryslallisation 
above 150° C. It is very readily soluble in water and from the solution 
alcohol precipitates the neutral salt. 

lly dehydrating the acid phosphite between 145° and 1 70° C., ealeium 
pyropliosjjhite, CaHjPgOjj, may be prepared.'^ 


' Matignon and Tronno), Compl, tend., 1909, 148, 167. 

* Kosi', Pogg. AnnaJm, 1827, 9, 364; Kngolhardt, Jakrenbei , 1800, 70; Horlaiidt, 

, Arch- PJuirm., 1866, [2J, 122, ; WUrtz, Ann. Chm. Phys., 1843, [3], 7, 35. 

*• WUrtz, A7in4ilen, 1842, 43, 318. 

^ * Rammelslrarg, Car., 1872, 5, 492; Silzitng^er. K. AJcai. Berlin, 1872, 409, 

, 866 Jahresber., 1872, 208 , Rojie, loc. ca(, 

* Abegg, IJmdbiich d. anwg. Chem (S Hirziil, Leipzig), 1907, III, Bd , 3 Abt . p 131 

’ " Hobo, Fogg. Annakn, 1827, 9, 26. 

» RammelBberg, , 1866, 115: Pogg. Annakn, 1867, 131, 263; Jkr., 1868, 

; I, 186. 

» WOrtz, Ann. Chiin. Phye., 1846, tS], i6, 190, Amat, %bid , 1801, [6J, 24, 289. 

* Amat, toft at. 


Neutral Calcium Hypophosphate, CaPOj.HjO, is obtained as V 
white jjdatinoiis precipitate, iK'i'oniinp; j^iamilai on ashing, by tlie 
interaction of sodiiini hypophosphate and eulennn chloride solutions. 
It docs not crystallise, is insolnlilc in water, only slightly soluble in 
acetic acid, lint soluble in hxdrochlonc and hvpophosphoric aciil It is 
dehydrated at 200° ('. witli partial oxidation.' 

Acid Calcium Hypophosphate, CaII.P_,0,,, ina\ be |)rcparcd bv 
mixing freshly jirecijiitated lime and h\ pophosphoric acid m c\:u*liv 
equivalent propoitions and c\apoiatmg in the cold. Mi-almg llu' 
solution gives the neutral salt. A solution of the acid salt uia\ also be 
obtained by dissolving the iieutial salt m livpophosphoiK- aeal, or l)\ 
digesting with water a ;ni\tnrc of acid hariimi hypoph<»sj>halc and 
calcium sulphate m molecular proportions. 

It forms nionoelinie crystals of eomjiositioii C aIl 2 P.^O,,.Oll 2 (). wliieli 
easily lose 4 molecules of water at the ordinary tcanperalure. I'Ik' 
remaining two nie removed at 150° (’. with partial decomposition. 
One part of the salt dissoKes m 00 of watci.’ 

Calcium Orthophosphates. Thixr ealeium oilhophospliatcs cmsI 
and have an extensive literature, which is often eontradictorv owini* to 
the failure to apjireciate the eonse(pienees of combmmg a eompaiat i\ i‘ly 
strong base with a weak acid. The miporlanee of a eaieliil slndv of 
their properties arises from a widespread use of phosphates as feililiscis. 
Es[)eeially is it nec(\ssary to exaniiiK' tlieir behaviour w itli w'ater. 'I'Iutc 
have been eon.siderable discrepancies be! ween the results of solubility 
determinations,^ because the extent of the dceoinposilion of the phos- 
phates by w'uter has not been taken riill\ into consideration. Moth 
triealeiiim and moiioealeiuni jiliospiiates gi\e an aei<l solution wIkmi 
treated with w'ati'r,^ the amount of acid depending on teinjieratun' and 
on the ratio of the mass of the water to the mass ol the solid jihospliatc. 
In the ease of the monoealeinm ])ho.sphatc the diealeinm .sail is often 
jireeipitated. The latter .salt is eoniparatnelv httle affected/' but, by 
treatment with .sueecs.sive quantities of water, the residue is ultimately 
transformed, with more or less eompleieness, into Inealeium plios[)halc.“ 

In nior(‘ recent times the ternary system, lime, jihosjilione acid: 
water, has lieeii earcfully studied with a view to determining the eon- 
ditions of stability of the different eom|)oim(ls.’ The problem is eom- 
plieated l>y the following factors' the e.xislenee of several tlifferent 


^ Sal/i'i, ‘AntuUf'ti, 1S7S, 194, 28 
ibid , iHSli, 232, 114. 

•' Hiinbaiini uiui PaokanI, Zetkeh. Chnii. 1871, I'lT, Jhiwut and IVloii/c, ('tmj)l, 
tend., 18(18, 66, r{27 ; CaasNo, ibid , 18112, 114, 414, Hull Hoc (him, 1882. 7, 

165; Vnloker, Jahrrdxr , 1862, 131, \N aringlon, J ('hm Sor., IK06. 19, 28(5, 1873, 
26, 883; Jufiro, JiuU. Hoc. cfnm., 1888, [3J, 19, 372, SfliluMinj;, Cotnid mui, 18(K). 
131, 149; l*i)]lac«i, J. Chem Hoc., 1897, 72, Aba. u,, 260, Maly and Don.ilh, J. {nakt 
€hem, 1873, [2J, 7, 413; Williams, Ohem New«, 1871, 24, 306; Ibndcll, Compt rend., 
1902,134,112 

* Warington, loc. cU. , Joly and yoiol, VonipL rend., 1894, 118, 738 ; Cann'ioii and 
Seidell, J. Amer. Chem. Hoc., 1904, 26, 1454 ; Jolv, Compl. rend., 1883, 97, 1480 

® Schlosijig, Compl. rend., 1900, IJI, 211 ; Kindell, loc. cit . ; Camornn and Seidpll, 
tor. cit.i Boll, J Ainer. Chem Hoc, 1910, 32, 879t According to Wendt and Clarke, 
J. Amer. Chem Hoc , 1923,45, 881 , the dicalcium phosphate ih the least stable t»f the tiinre 
See also .Johbois, (Jompt. rend., 1019, 169, 1161. 

* Bnch, ZeiUch anorg Chem , 1907, 52, 32.5 

^ C^ameron and Si-ideU, ./ Amer. Vhem. Hoc, 1905, 27, 1503 ; Cameron and Bell, ibid., 
1612; 1010, 32, 869; Bassett, jun., Proc. Chem. Hoc, 1906, 22, 316; Zetiech. anorg. 
fihem., 1W7, 53, 34 ; Trans. Chem. Hoc., 1917, m, 620. 
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hydrates, I lie pi('<‘i|»itati(»M of the phosphates in both gelatinous and 
crystallmc f'ontis, and the slowness with whieh e(|uihbnuni is eslab- 
lislu'd Jhissetl ' (lelei mined three <|mnfuplc jioints and I’ormulatc'd the 
changes hiking place at these points by the following equations, the 
portions III lirackets jiidieating tlu* (‘onqiosilion of the solutions iii 
eoiitaet with tlie solid jihases ; 

At 21 ( , CallPO, 2II ,0 0 lSS('aIIi(P(),),.lI..() l ()7t7t alIP(), 

• • (2 37 H 1,0 I 0 100071*./), 0 0(i27C'a()). 

At :J() C .. ('alll’(),.2ll/) O OOS.'iC'allPO, ‘ O OOOas K’a/PO,)., H/) 

(2 000:HilIoO ! 0 ooo;w('a() : o-ooolifil^O-,). 
At I.V2” (■all,(P0i)2.n/) 0 |.95(’ail,(PO,)2 1 0* t->7('aIIP{),, 

I (l-SOH/)* ‘'0202P/)., 1 0-07S('a()). 

TJie solubilih ol the nionoealeiiim phosphate is much greater than 
tliat of eifhi i o( tlu' other two. Tin* phosphates are soluble in all 
strong aei(ls,-an(l the solubility is eonsiderablv increased by the presence 
oforgame acids, (bi evamph', acetic, citric, and hnnue,'‘ a fact which has 
an important bearing on the ayailabihty of pliosphates m the sod 
Addition ol pliosphorie acid incieases the solubiht\ at lirst, but a \ei\ 
high concc'nt ration of acid results m tlu' deposition of monoealcnmi 
phosphate’ 'I'hc |)resene(‘ of carbonic*'’ or sulphurous ’• acids ,dso 
makes the |)hos|diatcs more solulile. Sulphurous acid jirobably forms a 
compound with Iricalcmm {ihosphate, .‘K’aO.SOj.PaOv’in/), consisting 
of microscopic hexagonal crystals.’ 

Egg albnnicii mcieascs the .solubility,'^ and also most neutral salts 
eAcc))l calcium salts.*' 'I'liis is espi'cially the ease willi ainmonuun salts.’" 
piobablv owing to the loimation of (*ompl<‘\ ions Potassnuu ehloiide 
and sodium mlrate appeal to increase the amount of lime m solution 
and to deereasi' tlu* amount ol phosphorii.s pentoxidc,” 

Tncolcnuti ()>tlioi)lio.sp/ialt\ (’a{(I*(),) , occuis naturalK. eombmed 
with ealenim chloride or lluoridc, as the nuiu'ral aiuitttv, 11 is also 
found 111 layeis and nodules m man\ sedimcntaiy locks (phosphatic 
chalk, Florida pc'bbles. eoprohtes, <‘tc.). The lulls of Chrislmas Island, 
and of maiiN other Pacilie islands, are eajiped by laycis ol pine tii- 
calcium phosphate produced by the action ol guano dciiosits on the 
coral rocks. There is a large* \ariation m the phosphate eonteiil ol 
these sources, whicli are worked largely for Icrtili.ser. Floiida hard roek 
contains as much as 75 SO [»cr cent, of triealeium phosphate, the soft 
sanely dcjieisits of North Africa 57 (55 ]H*r e*ent., and the deposits weirkeul 
in France and lle lgium M) .)() pe*i e*cnt. IMbre the War tlie jiroductmii 

' JIIM , IIHIilif CIhNI, lllos 59, I 

* ( Him, AuHtiUii, 1847, 63 , :{!>4 , liaor, /'oflrf/ Annuh’ii, 1848, 75 , iri2 

Hindrll, hr at , (Jiujm' .imt Tollcns, Jjn., 1881, 14, 7,‘}4 , ('iimoioii and llurHl, 
./ AiHCf ('ln)ii , l'J04, 26 , 88 .^) 

* ('iiuh.si‘, HnlL ^Soc. rhiiu , 185)2, [S], 7 , 105 

■' Dumas, Compt WAd, 484(5, 23 , 1018, Ijosaaignc, ibid, 1840, 23 , lOl'J; JolTii', 
b)c rU , S;'hloisiiiji, /o( at ; VanuTon and Hurst, for at. 

(lodanil, y pmkt Chem , 1871, [ 2 J, 4 , 97. 

’ But aoo Kotoiuli, Hrr , 1882, IS, 1411. 

** Meioiidantc, (Jazzi tta, 1875, 5 , *11 ; fier , 1875, 8 , 1357. 

* Dumas, foe. ra. , Lius^aigiu’, Jiihiesber , 1847 and 1848, 341, lliiidpll, Im at. \ 
(■ameron and lliii-st, for at 

(Jiupo and '['dlicii.s. lia , 1880, 13 , 1207 ; ToiiviJ, RiiU Sm ihuii , 1881. 12J, 35 , o48 ; 
ahtm. Nftvif, 1881, 44 , 00, lUnlle, ./ Phnm ('him, 1908, jO], 27 , 437; Hci/.feld and 
Eeuorloiii, ZeiUcli. anal. Chem , 1881, 20 , 191. 

“ (’amoron and Hurst, loc. cU 
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wns ^n-jidunllv mcn'asiiio. Tla* total \S()rl(l production in 1007 was not 
(pnlc liv(“ mdlioii lonj^ tons, and in lOl.'t it was o\ci sc\cn nnllion.^ 

C’alcmin phosjiliatc (‘onstiintcs llic clncl pait of the nnncra) inalti'r 
of teeth and hones, heinij .">0 00 pci ctail ol tin' wholi-, or alioni 85 j)er 
cent of tlie ash - A dc(iciene\ in phosph.ilcs icsnlls in disi'ascd or 
rachitic hones ‘ Milk also conlains c.dcinni |)hosphatc. 

Ualeiiim ])hospliale. alon*; witli basic pln>sj)li.it<‘s, is a l)^ -product 
of the basic IJessemcr piocc'ss ‘ • 

It IS obtained as a white iielatinons piccipitatc b\ the action o('e\cess 
of lime on phosphoric acid solid ion,’’ oi b\ the prciapitation of a c.dennn 
salt by a tertiaiy alkali jihosphatc. oi b\ an .icid phosphate in ammonia 
solution.'* On drvinjif, an amorphous powdci is piodnced eoiitainnin 
\arvinLr (inantilics ol watei, 1 nioleciilc,' '2 niohcnies 5 or 5', mole 
eiiles.** 

The melt ino-point is tOTO'C."' 

II ealemni pliosphalc is heated to 1200 I with silica and eaibon 
eah'ium silieali' and phosphoins aie obtained." 'Fhis rc.icfion is the 
basis of a eommereial method lor the jnoduct ion of phosphorus 

A colloidal sohdion of calcium phosphali' can Ik' pieparcd by adding 
slowlv, and with continuous shakini’. a hot noinial sohdion of calenini 
chlori<K' eontainmn a dclindc amount ol piotcel i\ c colloid lor c\anipl(‘, 
|r(“latme, ^iim aialnc, blood scrum, oi staich It can also lx* oblaiiu'd 
b^' till' action of a sohdion ol oithophosphonc acid on a sohdion of 
ealemni hydroxide' conlainm^ ^(‘lalnic " It loriiis an opaepic sohdion, 
bhiish-whdc b\ rctlcelcd lij^lit, and inlaid prove ol value- in I hcrape'idie-s 
A sample' ol calenim [iheisphalc. sheiwni;; the- optie-al phe'iionie na 
assoe'iated with liepiiet civstals, has In-cn eiblanu-d " 

('(im pfiiind.s <>! Tifcalinini Apatite, •'K'a, 

(PO,) 2 . ('a(Ul,I'’) 2 , unalo^rons with the' natural inincial lenin, can be jne'- 

])aicd aitilie'iall\ bv the' action e»l cale-nnn plmsphale- on a mixlnre* e»f 
ealeiiiin Ihmride- and e'hlenide- with a little ainnionmni chlenieic at reel 
lu'at On treatme-nt with water. e*i\slals in the- lorm eil r('f»ular he'xa- 
yonal prisms are- iseilate-d Fluoiap.-dite,*'’ eliloiapatite-,'' and hrom- 


' I’lif Itiiiil, </ Soi i'lii'in hid, M) 2 I, 40 ) 

^ Achy, ./ innU Chun . 1H72, |2|. 5 , 'm , iHT.'t, l2j. 6 , P.9, Uil»l. ihid , 1KT4, 12|, 
9 , ii;{. 

' Sclilo-'H and F/ank, Ihorhnn, Zut'-ih , I'll I, 60 , .“ITS , \\ ci-'Ci, ihid , 1911, 66 , 95 

^ Tli(.ina.s, (Jhun , IHSI. 001 , hifind,,, . IHKl. l2-i:} 

' Hcithelot, .1«H (’him /V/.e , 18S7 p.j, ii, .I.Vt, S( lilosinsr, ,uid J9(M). iji, 
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* Cornells, J Phann Chun . IKKO, (.')), 13 , 29, ■> 0 (- also HasscU, |iiii , Ztit-,ih nnouj 
Cheni , 4907, 53 , 49 

’ Sc’tilosing, loc cii 

* Warington, ./. .S'oc , 1800, 19 , 290 

* Ijiidwig, Anh Phirm , 1862, 12|, 69 , 280. 

Dicckinann and Ifnndrrnxmt. ZedsrA atiouj e hnn , 1921, 120 , l.{e» tnit hco \icP(«n, 
Fen uni, 1913, 10 , 97, soo ./ Chun Svr , 191.3, 104 , Abs 11 , 11)7 

*' Heithin, Ann ('him /Vo/.y , 1820, (2|, 33 , lot 
See .7 -S'(.( (Jhem hid . 1917,36, 134 
do Tom. KolUud-Zuhrh , 1921, 28 , 116. 

" (liiubort, Compt rend , 1922, 174 , 111.7 

Dcvillf and Caion, Ann ('him Phyn . 1803, 131, 67 , 41.3 

Dittv, ibid, 1880. [OJ, 8 , .702, l>K‘okmann anel IJoudieinoiit, ZeUifih anunf Chun., 
1921, 120 , 146 

” Daubree, ('omp( rend , 18.71. 32 , 62.7, Ann Minn,, 18.71, [41. 19 , 0.71 . sec Aintnhn. 
1854, 80 , 222, Piiogleb, ibid, 1860, 97 , 9.7, Fonbaniinei, dud , 18.71. 90 , 77, Dcbray, 
Ann. Chm Phys , Ifi^fl, [3], 61 , 419 



o -- itUA AUIVAXiUN* 

^ apalitr,' conhniiin^' only ono haloK<‘n «*ach, have been prcpaml. Bassett 
rcgnifis the apaliNs as complex compounds in which the chlorine is 
united directly with the phosphorus.^ This view seems to he justified 
hy the cMStcjicc of a compound of calcium oxide with phospliorus oxy- , 
chloiidc, C'aO. 21*0(13, winch may be rej^arded as a halogen denvativ'c - 
of (110.21*0(011)3, or (’all,l*./),.i40.« 

Other chloro- and bromo-phosphates, of composition (113(1*0^)2. 
('a( In,'* and ('a3(l*0,)2.( aHr^,’'* have been obtained. 

Diralciuin ()ilhophospl,aU\ Call 1*0 ,, is found naturally as the 
mineral niomiitc, combined with 2 molecules of water of crystallisa- 
tion as the mineral hnisltiic,*' and also as tneiahufihileP It is also 
present in teak wood,** anti forms the chief constituent of stone separating 
in certain diseases of the kidneys.* 

It is obtained by precipitating an acid solution of a calcium salt 
with neutral sodium phosphate,^** or by the action of wati'r on moiio- 
ealeiiim jihosphate,'* or of an acid on triealcium phosphate Artdieial 
lirnslnte of density 2 S17 may he obtained hy concentration of a 
solution of the precipitated phosphate in 25 per cent, aeetie aeid,^'^ 
and monetite by luxating together briishile and water m a closed tube 
at 150' C. 

Whether the diefileiimi salt is obtained m orthorliombie crystals 
combined with 2 molecules of water of crystallisation,*** or w'hethei* 
it IS anhydrous, dejiends on the eoiidilions of preparation. I*reei})italed 
at 100" ('., or by alcohol, or from eoneentrated solutions at lower tem- 
peratures, it IS anhydrous.** At 2.5° C. the stable solid phase in contact 
wilb solutions of eonecntrations up to 15 per cent, phosphorus pentoxule 
is ('alll*()j.2ll20.’*’ According to (^uartaroh,** then* are tw’o different 
forms of the dihydrate, one amorphous and the other crystalline, and 
possessing diffenait chemical properties. 

Other hydrates liavc been mentioned,*’ hut they probably do not 
exist us Singh' chemical individuals. 

By the combined action of water on dieuleium phosphate, micro- 
sco|)ic crystals are obtained wdiich appear to have' tiic ('omposi- 
tion 8C'nin*(),.('aj(l*0,)2.2IIjj0.*® A pliosphate of composition 
I*2()5.2Ca0.P205.3Ca0.1()ll20 crystalh.ses from solutions eontammg 

* iJitto, he at. ; Cou^pi. rti\d , 1883, 96 , 576. 

* Ba.shott, juu , Trails, Ckem jSoc., 1917, iix, 620 

' hii.ssott ami Taylor, ihtr/.. 1911, 99 , 1402. 

* Dt'villp and Caion, lor. at 

‘ Ditto, he. cit 

" .Moons Amer. J. Sri , 1866, [2], 39 , 43. see Jakresber., 186.6, 908. 

^ Jiilicii, Ainer J Sri., 1865, [2j, 40 , 367 ; the existence of inetabniHhitc* is doubtful, 
aoo Bosaett. jun., Zrilirh, aiiorg. Chrra., 1907, 53 , .34/ 

' « Abol, J C/iein. Soc., 1862, 15 , 91. 

* Wohler, Annalen. 1844, 51 , 437 

Diovermaun, ibid , 1853, 87 , 120; Void, ibid., 1853, 88 , 114. 

Eilonmoyor, J ahrenber.* 1873, 264 ; Joly, (hmpl. rend,, 1883, 97 , 1480. 

** de Sohultoji, Bull. Sor. fraro} Min,, 190>3, 26 , 11. 

Htein. Annalen, 1877, 187 , 79. 

** Dobray, hr. rit. 

Cameron and Bell, J, Arner. Chtm Soc., 1910, 32 , 869. 

, ** (JuartaroU, Chem. 1921, 15 , 916. 

” Dimit and Pelouzo, Compi rend., 1868, 66 , 1327; Baer, Pogg. AnnaieJi, 1848, 75 , ^ 
162 ; Skoy, Ckem. News, 1870, 22 , 61 ; Vorbringer, Zeitsch. anal, Ckrm, 1870, 9 , 467 ; 
Raewaky, Coapt. rend., 1847, 25 , 205 , Julien, Amer. J. Set., 1865, [21, 40 , 367 ; Bassett,,, 
jun., Zeitsch. anorg, Che^n., 1907, 53 , 34 ; 1908. 59 , 1. 

Joly and yorel, Compt, rend,, 1894, 118 , 738. 



...,?TtSui^!nJM'iu3irnra':TO ■ , 

0’975-0'870 grm. of phosphorus pentoxidc ]«T litro in the stall' of '■ 
monocalcium phosphate.^ ■ ‘ 

Monocalcium Orthophosphate, ( a(Il 2 POj)g.I! 2 (), lias hccn Juiiinl in n ' 
phos|)hatic rock in Al^icrui.^ It can be obtained by evajionilion ol‘ a „ 
solution of (Ii- or tri-calennn pliospliate m jihosphone aeid.® 1 1 er\ stal- 
lises with 1 molecule of water ni ortliorlunnbie jilales of density '1 02.* 
When pure it is unaffected by exposure to the air.- but it is i)ften h\}iro- 
scopic throu^di contnmmation with phosphoric aeftl. In order Unit 
this salt may be the stable phase m eonlaet with solutions al 2r>' (' . the 
latter must eontam more than 317 ijrin. of phosphorus jieiitoxnlt' per 
litre.® 

When heated, the crystallised salt melts al 1.V2 (' If it is allowed 
to lose w’atcr it is transformed into the metaphosphale.’ Hy slowly 
raising the temperature to 170 ISO' ('., pouring off the clear lupnd 
after a short time, cooling the residue, and liiialli washing with 
acetone, triclime crystals of anh\droMs monoealeium j)hos])liat(' are 
obtained.® It may also be prepared by crystallisation at 100 L\ 
from a .solution of ealeium carbonate m orthopliosphone acid if the 
ratio Paf^s/C'aO be suHieiently large. The optimum \alue is HI If 
it IS less than 3 tlie monohydrate si'parates. Aeeorilmg to S]iring,® 
])ressure ennses the transformation of mono- into di-ealenim phos- 
phate. 

Calcium Pyro- and Meta -phosphates. Neutral ealenim jiyro- 
phosphatc, CagP.)!!; 'vdh 1 alljO (at 100’ (’ ) or IlgO (at 110' (' is 
formed by the neutralisation of ealeium hydroxide with jiyrophosphorie 
acid, or the ))reei|)itati()n of ealeium chloride bv an alkali p\ro|)hos* 
phate.® Tt is soluble m acid lait not in w'ater.*® It melts at 1230' (*., 
and has a density of 3 00.“ 

Acid ealeium pyrojihosphate. (’aIKP./)7.2n20. is prepared b\ the 
action of oxalic acid on the neutral salt It is .soluble in water. “ 

Calcium metH})hosphatc. Ca(P0j)jj, is obtained as a white powder 
in.soluble in water by heating moiux-aleiuin orthopho.spliate to 310' 

It melts at 070° 080" (’., and, on cooling, forms a gla.ss whieli is 
dillieult to ery.stallisc. The density of the crystalline eompound is 2 82, 
and of the amorjihous 2 05.“ 

A hydrated eompound, diealeium meta|)lu)sphate, (‘a 2 (P 03 ) 4 . HlgO,*® 

IS formed by precipitating an excess of ealeium ehloride with an alkali 
nietaphosphate. 

.Calcium hexametajihosiihate, Ca^P^Ox^, is ])reeipitated, in the form 

* Johbois, Co7npt. rand., 1919, 169, llfll 

* Malbot, Ann Chita, Phya., 1890, f7|, 7, 4.3.3 

® Krlennioyor, Jahreaber , 1857, Hi). 

* Hautihofor, Zcitsch. Kryst Mtn , 1883, 7» 2ft.'> 

® Camoron and Seidell, J. Amer. Chem. Poc , 1905, 27, 150.3 

* Bassett, jun., loc. cit. • < 

7 Maddrell, Annalen, 1847, 61, 5.3. 

* Spring, Bull Soc chtm. Belgique, 1907, ai, 91. See abo Baasett, jun., Proc. Ohem, 
iSof., 1906, 22, 316 ; Zeitach. anorg. Chem., 1907, 53; 49 Cumpare the effert i>£ picHRun* 
on the reversion of superphosphate, p. 07. 

. • Schwareenberg, Annalen, 1848, 65, 143. : 

Baer, Pogy. Annalen, 1848, 75, 162 ; Rose, tbid„ 1849, 76, 1 ; Sohwar/.eribeig, 
Annalen, 1848, 65, 133 ; Koynoso, Oampt rend., 1862, 34, 79.5. 

]>ieckniann and Houdromont, Zeilach. a/norg. Chem., 1921, 120, 129. 

. Pahl, Ber., 1874, 7, 478. 

'>* ** Fleitmann, Pf^g. Annalen, 1849, 78, 368; Jahreaber., 1849, 234. 
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THE ALKALINE EARTH, METALS. 

or oily |flol)iil(‘s which al'toiwiirds stiffen to ii toujjli ^clatiiunis mass, 
when a eoiicciilralul solution ol cah'iiim elilonde is treated witli sodium 
liexametaphosphate.' 

Calcium Ultraphosphates. These eompounds mi<;ht perlia])s lx* 
re^'nrded as dehydrated aeid metaphospl»at<‘s. Kroll isolated them 
vviieii stiid\iM^' the eonstitulion of basic sla^r, and «fave to them tlie 
followiiie lormnhe : t‘a()..‘il*2^V»» Ca()..‘jr2C5--If2^^» ‘iCaO.JlPgOs, and a 

basic compound, .'W'aO the ecaieral formula for the acids from 

which they are derned bem^f nn2().IiP./)5. 

Calcium Sclenophosphate. 'I'wo selenojihosphates, C'allPSeOa. 
‘JC'allPOi.ljlloC and (alll'SeO , SlhO, m wlueli part of the oxv<ren is 
replaced by selenium. ha\e been deseribeiP 

Double Salh-. \'aiious double pliosphates ol the alkalies with 
ealeiiim are known the ort ho|)hosphates. (’aKP(),,‘* CaNalMlj .md 
('a 5Xafl(P()4)i,'‘ l'a(NH (jPOi-TlIgO , tlie p\ rophospliates, ('aK2i*2^l7^ 
and PaNajPa^L HL.CP’ and the metapliosphates, 2 ('a( PO ,) , 2 \aP() , 
flllaO’and CalPO 

A uranmm ealeium phosphate, I'O^.PaO p205,”an(l a thorium eali’iiim 
|)liosphate. 'I'hOj-PaO PoOr,,'^' ha\e bei'ii isolated, and there is a nahiial 
ealeium manj'auese ])hos])hate, lanfieldtle. ((’a,Mn),,(P(),)2A^ and also a 
natural ealeium iiranyl phosphate, nutuuile, ('a(r02)2(P0i)2.Sll2().^^ 
Basic Calcium Phosphates. Basie slair is su)»])osed to contain 
ti'traealeiiim iihosphate, K'aO.PjOs,'''* of nieltm^f-point Ki.'lO (’ ’■* Kroll 
re^rarded it as a basic ultra])hos|)hat(‘, 12 ( aO .‘iPaOj 

By heat m^f t riealemm jihosjihate to .'5 tO’ P ,‘o\\ apatite. ;}Pa.,P ,()„ ( aO. 
IS formed. It crystallises in doubly refraetm^^ needles of meltine-pomt 
l.'iK)' P. and density 2 tM). It is also oblaiiu'd wdien tetraealeium 
phospliate IS heated for some time at lOOtP P , or is treated witli boilinj* 
water.i® 

Aeeordm^r to Bassett,^" the solid existinj* m stable eipiihbrnim at 
2 a ' P., with solutions of a ramre from faintly acid to iieari\ jmri* lime- 
wal(‘r, IS o\y- or In droxs -a])atite, but, althou<j[h its composition mav 
lie indieated by tlie formuia 3 (’a)(PI^ 4)2 d is not to be regarded 

as a basic salt, lint rather as the salt of a poKmeride ot phos])horie acid, 
IfiiP jOj, (or .*111 jPOj.IIgO). 'vith one hydroj^en atom un-nenliahsed.*’ 

‘ Liidoit, ZnL'ich amnq i'hrm , 185)4, 5, .’)4 
' Kmll, ibid , 1912, 76, iivS7 ; *<00 alsit Schwar?, xbid , 1895, 9, 261 
‘ Kpkiaim and Mnjlor, lln , 1910, 43, 277 

• * Oiiviaid. Voinpt rend , IKS8. 106, 1599 , Inn ('him Phijn , 1889, [6|, 16, 289 , (inin- 
doau, .470) Vhtm Phys . 1886, [0], 8, 193 

'■ Lasne, Hull Soc chim , . 1902, [.1], 27, 131 * 

® Sfo Abogg, Handbiich d awry Chem (S. Hiracl, T^eipzig), 1907, 111 ltd , 3 Abt , 

.440 

Tjindbom, Her , J875, 8, 122 See ahso Rose, Jahresber,, 1849, 232. 

* \iitmann, J(ihrr.sber., 1849, 234 

])iv.\yAmi ClMii Phya , 1907, [S], 12 , 139, .mop also Dobiay, ibid , 1801, [3], 61, 419 
“ Eileaim9»»/^i. rend., 191W, 149, 207. 

do Sohurtou^ma, 4mfr. J. Set , 1890, [31. 39, 201 
” Stem, Annak'^nm, 11M)9, 6, 233 

Debray, he. ctl. ’ nnd Eisen, 1883, 3, 498 ; 1886, 6, .525, 719 ; 1887, 7, 557 ; Jenacli, 
Cameron and hell, i. , 1887, ii, 255 

Qnartaroh, Chem, 4&,omoiit, Zeitsch aiiorg Chem., 1921, 120, 138 , but 800 btein- 
liusavt and Pelouze, 

152; Skoy, Chem. Newn, 1870, 22?^'»^^cA anojy Chem, 1921, 120, 129 

Baewsky, Compt, rend., 1847, 25, 20,’ ***» 

jun., ^Iet^4fcA. awry. Chem., 1907, 53, acid, HaPiOg »r HaPjO? to pyropluw- 

Joly and Sorel, CompL rend., 189 < 



CALCIUM AND ITS COMPOUNDS. 9t 

The slimness of fomnition of Imdroxy-apaiile favours the view that it 
is jirodiieed by pol} mensation. 

Since hydroxy-iijiatite is the stable phase at llie lie^^ree of neidily 
eharaeteristK* ol animal tissues, it is reasonable to sujijiose that the 
])hosphate in bones takes this form.' This applies also to phosphati's 
in soils where the (‘onditions are sueh that all phosphalie fertilisers 
should be ultimately transformed into hydros v-apatite. Karlhv phos- 
phorites and eojirohtes are no doubt impure nn\lures#of ealenim eat- 
lionatc with hydrow-apatite, in which some of the h\dro\\l has been 
replaced by ehlornu' or lluonne. This explains whv. alter line yrindme. 
these minerals may be used as fertilisers without lurlher treat numt. 

Phosphatic Fertilisers. The natural Iriealeium orthophosphate 
of either mineral or orjfame orison has (‘onsidorable ferlihsiiiLr \ahi<- when 
lineh »fround.“ but its action is slow owinii; to its slinht s()hibihf\ f'or 
intensi\(‘ eultnation, when* a (|inek-aetmif fertiliser is meessaiv, a mneh 
more soliibh* pioduet, namely the iiionoealenmi phosphate, must he 
enijiloyi'il. and this is obtained in supi'rphosphate o| lime 

Siipci plitispJiaff' Ilf Lime. As ji result of the e\j>(‘nnients of bawes. 
who lookout a patent m l<St2, the mamilaetuie of this eompomul was 
lirst started in Kni,dand about tin* \ear IS to. It consists smi])l\ in 
the treatment of ealeium j)hos])hate with sulphurie aei<l in ordei to 
produei' a inoie soluble |)hosphat<*. and tin* r(*aelion is iisnalK i‘\piess<'d 
bv the e(|ualion 

('a,(P() 4 ) 2 -t ('a(ll 2 P()j 2 I 2CaS()„ 

but it is pi’obabK more eonij)li<*ated. 'I’Ik* jiresenei* of a certain amount 
of free ]>hosphorie aeid is n(*eessary lo pn'M'iit re\ersion to dieah'inni 
])hos])hate. and Alta re|)resents the main reaction as lollows . 
M’a.iFOj). . nil, SO, t(ali,{l»(),), i 211 JH), i llCaSO,. 

It jiropd'h mixed, the jiroduet drns n^ its »>w'n heal of reaction, 
^i\ iiiif an easil\ powdeied n-sidne. \\ hen too lar^^e an < xeessof sulphurie 
at'id IS used tlu're is danger of obtaining; a stiekv mixture which eaimol 
be sjiread sat islaelorily upon the land >\ilh loo lilth* sulphurie acid, 
on the other hand, there is daiifrer of reversion to diealeium jihosphate 
on kei'pnijr, especially if niiieh non and aluminmin are prestiil ' 
Jh’essure on the lower laxers. when the siijicrphosphate is stored in 
lar^re heajis. also a|)|)ears to cause reveisioii 

Siiperphosjihate is tested by its content of water-soluble phosphate, 
althouffli it IS bv no means certain that this is a true eritcrion of its 
availability to jilants 

The s}stem. lime : phosjihorie acid . sulphurie aeul : water, has been 
studied by I'ameron and Seidell “ 

It has been su^r^rcsted that a basic superphosphate, jmjiared by 
addinj,' slaked lime to the ordinary su|K*rphosphate, nii^ht be us(‘d 
for acid soils.’ • 

' Act)y, /Jrr , 1S74, 7, a.V) , (iahucl, Zettvh jihij'.iol C7ej»., 1894, i8, 2")7 , (Jassinann. 
ibid., 1910, 70, 1(51 

* Soo Hydrosv -ajHitiU* 

^ Alta, Anmth Chun appl , 1918, 10, in, J Chew Noe , 1919, 116, AbK. n, 25, nnd 
J. Sor Chem Ind , 1919, 38, 2:iA. 

* Shepard, Chem Neu's, 187.'{, 28, 51 , Krloiinieyer, liir , ISHl, 14, 1809. 

’’ See Monocalcnim ()rthoph()si)hate, p 95 

* Cameron and Seidell, J Amer. Chem Soc , 1906, 28, 1222. 

^ Hughes, J. Soc Chem Ind., 1901, 20, 325 
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Basic Slag. — Anotlier artificial phosphatic manure is a by-product 
of the Hcssenier process in tlic iron and steel industry, namely basic or 
Thomas sla^'. It was at first regarded as valueless because of the large 
amount of iron present, until it was shown that the phosphoric acid is 
all eomliined with calcium, and is therefore available^ The phosphorus 
is, in fact, apparently more effective than in other phosphatic fertilisers. 
This may be due to the ])resence of silica.^ According to Dieckmann and 
Hoiidremont, tlrt^c should be sulfieient silica in basic slag to neutralise 
any excess of lime above that required for the formation of tnealcium 
phosphate, and so to form ealciuni siheophosphate, Ca3(P04)2.2Ca0.Si02, 
of melting-point 17(l(r 1780° C’., because this compound, unlike tetra- 
calcium phos])hate, docs not decompose during slow cooling to form 
insoluble oxy-apatitc.® It is also more soluble than tctraphosphatc. 
Experiments with the finely grouml slag began about 1882. Its value 
was first recognised by the Ormans, who manufactured a similar com- 
pound. under the name of Wiborgh Phosphate, by heating mineral 
phospliates >vith soda. It is especially suitable for peaty and clayey 
soils deficient in lime, and for pasture lands. Its fertilising value is 
tested by the amount soluble m citric acid solution, but the same criticism 
ajiplies to this tost as to the waler-solubility of superjihosphate. 

In order to reduce slag phosjihatcs to the finely divided state neces- 
sary for their ellieu'nt utilisation, IMauson’s eolloidation process, earned 
out in the presence of small quantities of aiud or alkali, may be 
employed.^ 

Formerly slag manure contained as much as K) ])er cent, of ])hos})hate 
regarded as tricaleium phosjibatc, but now, owing to the use of the 
])asie o])en-hearth process, the slag often contains only 20 80 ])er cent., 
and it has been suggested that mineral phosphates should be added in 
the furnace or to tlie molten slag.® 

CALCIUM AND ARSKNK’. 

Calcium Arsenide, Ca^ASg.— Soubeiran obtained a little arsenide 
mixed with arsenitc by ])assmg arsenic vapour and hydrogen over 
heat(‘d (luieklimc.® It is best prepared by the reduction of calcium 
arsenate by carbon in the electric furnace,’ but it may also be formed 
by the action of liquid arseniuretted hydrogen on metallic calcium or 
on calcium ammonium,® or by the direct combination of calcium and 
arsenic.® 

^ yc(' Basic Calcium Phosphates, p. 9(5. 

* Hall and Morison, Proc Roy, Roc., 1900, 77 B, 455. 

* Dieckmann and Houdremont, Zettsch. anorg, Chem., 1921, 120 , 129 ; see also Blome, 
Stahl u. Risen, 1910, 30 , 2101. 

* Plauson, English Patent, 15C124, sec Chem. Age, 1922, 7 , 494, 

* J. Ministry Agric., 1921, 28 , 621, see Chem. Abs., 1922, 16 , 309 For further 
details on phosphatic maryires see Russell, Appl Chem. Reports, 1918, 3 , 349 ; Ewan, 
ibid., 1919, 4 , 106; Greaves and Carter, Soil Sci , 1919, 7 , 121, see J. Soc. Chern. hid., 
1919, 38 , 690A; Hendrick, J. Soc, Chem. Ind., 1919, 38 , 166R; Fowweather, ibid, 1919, 
38 , HOT; Packard, ibuL, 1921, 4 t>t 288R, 304R; Martin, Industrial Chemistry, Inorganic 
(C^by Lockwood & Son), 1917, vol. ii, p. 21 ; Discussion on Basic Slags, Trans. 
FarndJ^ 80 c., 1921, 16 , Pt. 2, 263. 

* Souboiran, Ann. Chtm. Phys., 1830, [2], 43 , 407. ' . ' 

’ Lebeau, Compl. rend., 1899, 128 , 96 ; Ana. Chim. Phys., 1902, [7), 25 , 470 ; Moissan, 

Electric Furnace, !^glish translation by Monilpied (Williams k Norgate), 1904. ^ 

^ Lebeau, he. eiL 

* Moissan, Ann. Chim. Phys,, 1809, [7], 18 , 280. 



: ''CAlCllTM AND m COMKiUNDk-^ ’ 

It. forms rt rodclish-brown fiisrd mitss A\itli a crvstallnu' structure. 
Its density is 2 5, and m hardness it lies hctwecn ealcitc and ^dass.' 
It IS readily attacked by the halo^fcns, and the liij;her tin* atoiuie ^^el;»ht 
of tlie latter the hi;,dier the temperature necessary. It nanains un- 
changed in dry air or oxygen, but when healed A\itJi oxygen orsulplinr, 
combination readily takes place. ^Vlth oxidising agents tlii're is a 
vigorous lieat evolution. Ihdrogen do(*s not affeyt the arsenidi* even 
at 70(f 800° C'. Water decomposes it in tlie cold with Die < \ohition of 
arseniurettcd hydrogen and formation of ealeniin Indroxide iMiniing 
mtrie acid does not attack it in the cold, hut there is a rapid reaction 
on healing, ('old concentrated sulpluirie acid is rediieeil lo suljiliiirous 
acid. Boron and carbon are without action at JOOO C.. hut tiu' latter 
can decompose it completely at the temperature of the eleetne furnace. 
.Sulpluirettetl hydrogen and gaseous halogen acids react at red heat, 
giving arsenic and a calcium salt. A number of melallie salts are decom- 
posed l)V the arsenide 

Calcium Arsenites. The orthoarsemte, ('a.,.\s20«. is obtained as 
a w'hiLe amor])hous pow’der by the priTipilalion of dilute <‘aleium 
chloride solution with jiotassium orthoarsemte. Tin* jirodnel is dried 
at ion' t’.' It ma\ also he formed by the precipitation of lime-water 
with boiling aciueoiis arsenious acid.- It is soluble in acids, hut not 
readily in wutir. At red heat it is decomposed with volatilisation of 
arsenic. 

The pyroarsenite, I'ajAsgOs, is a white |)owder olitained hy slowly 
pri'cijiitatnig a solution of arsenious ai-id witli excess of lime-water, and 
liy heating the precipitate to 10,5'’ .V nionohydrate has also been 
described.^ 

(’aleiurn motarsenite, CaAsgOj, is an amorphous white jiowder, 
anhydrous at 100' ('., olitamed by tin* precipitation of c.aleium chloride 
In ammonium arsenitc in ammoniacal solution.* 

A salt of composition (’a.,As 4()9 8n.>(). which may be regardi'd as con- 
sisting of one molecule of jiyro- combined with one molecule of niet- 
arsemle, has been mentioned* 

Calcium Arsenates. Trkalvium Orihoarseuate, C'a;,(AsO,,) 2 , can 
be obtained b> the action of hme-waler on arsenic acid, or b\ the 
precipitation of ealeium chloride with disodiiim hydrogen arsenute,® 
A pure product ma} be prepared by pouring alkaline calcium chloride 
solution into alkaline sodium hydrogen arsenate.® Drying at lOO” C. 
gives the diliydrate ('a3(As0,j)2.2H20. The water of crystallisation is 
lost at 175° C. The density of the dihydrate is 8 28, and of t he anhydrous 
salt <3 31. The solubility at 25° C’. is 0 0133 grin, jier 100 gnu. of 
water.® 

Calcium arsenate in the form of a spray may be used in place of lead 
arsenate as an insecticide for plants.^ 

* Stavenhagen. J. prakt. Chem , 1895, f2J, $ 1 , 1. 

* Kuhn. Arch. Phana., 1862, [2j, 69 , 207, 

* fiimon, Pogg. Annakn, 1837, 40 , 417. 

* Stoin, Ann^n, 1850, 74 , 218. 

® Kotifchoubey, J. prakL Chem , 1860, [1], 49 , 182 , Annalfn, 1860, 70 ? 249 ; nee alao 
Bioxam, Chem. News, 1886, 54 , 193. 

* Robinson, J. Agric. Bee , 1918, 13 , 281, see J. Soc. Chem Ind , 1918, 37 , 439A. 

■ Robinson, loc cit. ; Smith, J. Amer. Chem. Soc., 1920, 42 , 2.59 ; Arabrnster, 
Chem. Met. Eng., 1922, 26 , 1155; 27 , 159; bat see Plekenng, Pror Chem. Soc., 
1907, 23 , 35. t 
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Halogrn Compounds oj 'f))cnlcium Arsenate. These me obtMincd 
in tlie sjmi(“ wjiv ms llie analogous pliosphate eoin|)<mn(ls.^ 

Dunlnuin Ot thorn scnnlv. (allAsO,, is I'oimd in nature as the 
hydrates jiinn niacolite, CaH IsOp^lIoO. and haidingerite. C'aIIAs0.,.H20. 
The densities of tin* arlilieialK prejian^d minerals are ‘2 7/j‘I and ‘2 0(17 
resj)eeli\ (“Iv “ 

'riie salt may lie jin'pared hy treatin^^ eahaum earbonate witli 
arsenie acid, or l)\ |)reeipitatinjj a soluble ealemin salt with disodiuni 
livdroir(‘ii arsenate.® Ilolanson n'eomniends aeidif\m» both solutions, 
and stales that when dried at lOO'C. theeompoundeontainsonemoleeule 
of w'aier orerystallisalion, which it loses before the temperatnn' of 17.3 (‘ 
IS reached. The dihvdrale may be obtaiiK'd at ordmar\ tempi'raLnres 
b\ slow diffusion.^ Ae<-ordme to I)<‘bia\ '* and Kotsehoiibiw,'* then' is 
a hydrati', ‘2('anAs(), but (Ins is not confirmed l)\ moie recent 

invesliifalors.’ 

At ‘2.3' 0 .'llOS iirm. of the anludrous salt is contained in 100 erm. 
ol th(' solution “ 

Monornlvinni (hthoatscnat< . ( all JAsOjj^, w'as olilamed by Smith 
(luring in\ estij;»ations of the s\slein. arsenic penloxidc. ealemin oxide’ 
water. VI 3,3’ it is stable in eontaet with solutions eonlammj> more 
tlian ‘27 .3 per cent, of arseme pentoxide. Ih low that eoneeniration 
( all AsO, .11,0 IS the stalile salt." 

Calcium Pyroarscnate, (hi^As^O,, in orlhorhombie prisms, may 
be obtaiiu'd by fnsinjj ealemin oxide with potassium aisi nali'.^^’ 
When tr('at(‘d with cold water these break up into minute er\stals 
of the hex’ahydrate ('ajAsjO-.OlL.O. llv leavmjj in eontaet with 
water tlu' salt is gradually Iransformed into diealeium orthoarsenate, 
t'allAsO,. ‘21120. 

Double Sails. Seveial doubh* oithoarsenales with the alkalies are 
know'll: C'aKAsO,, CaNaAsO,, and (’a,,Na,}(AsO,)„“’ ( a(Nll,)AsO,. 
71120,1' (’a(Nll JAs()i.(iIl20.'‘and(a,(Nll4)ll2(As(),),3ll,().- LefcMc 
also isolated a ealeiuni sodium [ivroarsenate, Ca^NaiiAs^O;) 

Calcium Thioarsenites. - Hy the action of eoneeiitrati'd ealeiiim 
hydrosuljihide solution on arsenie trisul])hide under varMiiji eoiulitions 
several different eonipounds can be obtained. The followm^j forniul.e 
have been given for these: C'aS.As^Sj.ll IlgO. C'aS. lAs^S^.lOll.^O, 
CaS.t)As.2Sj.l()ll20, and 7( aS.As2SJ.•2,3ll.20.'’ 

Calcium Thio-oxyarsciiate, Caj(AsOS.,)2. 2011,0, is obtained as 
colourless needles by the action of the corresponding sodium salt on a 
solution of ealeiuni ehloride in jileoliol.’ * It is unstable, 

' S (‘0 p u:;. l)('liin\, <'hiin , l■S(>l. |:}J, 6l, tll). Ditto, ihul , lS8t), fa|, 
8 , 002 , Lofovio, ibid , 1892, lUl, 27, .3 , Looh.iitioi, Vumpi trmi , ISG7, 65, 172 

* do Solmltoii, Unli. Sor. Jinni, Min , IIMK}, 26, 18 

'* jSalkowski, Jnhn,tibei , 18(58, 231 , Kot^ohouhov, lot lU , Dutet, Compl rend., 
1888, 106, 1238 ; dos ( 'toiscaux, 1 W , 1888, 106, r21.> 

* Dufot, he cit. 

® Debruy, loc. cil 

* Kotuchouboy, he ctt. 

^ do Schultcn, he cif, ; Sinitb, loc. at 

" Uobiririon, loc cii. 

* SnutU, he. ctl 

Jjofovre, Compt rend,, 1889, 108, IO08 , Anw Chmt. rhy.<t , 1892, LG], 27, ii. 

Uloxain, Cficni Nni"!, 1880, 54, 10.8, 193 

NiUoii, J. prakt. Chem.. 1870. [2], 14, 1 . Kiu-^.s, Annalrn, 1884, 225, 3.3 

McCay and Foster, Zextsch anorg. Chem , ltK)4, 41, 4C2 ♦ 
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CALCIUM AND ANTIMONY. 

Calcium Antimonide, Ca.,Sb^. When juilinuMiy jukI crilciiini arc 
lunted to^rctlur tiu'v (‘oiiihine so oni*r^;(iu‘alIy that the result iiif; aiiti- 
ni(im<le is I'liscil 1>\ the heal of the reaction.’ Leheaii prepartul il in the 
eleetrie furnace On treatinji witli waN'V it ^i\es no anlimon\ lisdride, 
lieeanse tlic lieat of reaction is hO ••real as lo raise tlie leinpcrahiic of the 
|)rodnets aho\e tlie deeomjiosition l<inpcraturc of tlie hulruh Hy 
ri'ducinj^; calcniin ehhnidc with an allov of sodiifni and anliiiion\ a 
piodiict is olilained containing 7-(> pci cent of calennn, and ^u\in«>. on 
treatment with walci, hydio^jcn conlammn a laiuc amount ol antmionv.** 

Calcium Pyrothioantimonite, Ca^Sb^S ,.l5IUO, is ohlaiind by 
dissolvin^^ antimony sulphide in calcium h\ drosulphule. On c\ apoi.it iiijir 
HI idem beautiful, colourless, trielinw cnslals separati*. These are 
soluble in water without deeomp<tsitioii ‘ IL concent lal in^f lln hot 
solution a red er\slalline (“ompoimd, .SbS^taOll, is formed. 

Calcium Antimonate, CaSb^O,j.6IUO, is obtaimd as a white 
amoiphous ])recipitate b\ the action of an alkali anlimouab on 
calcium ehloiidc solution,’ or ol anlimonic acid on calcium acclalc ’ 

A \cll()W, nonciN stallinc calcium Ihioanlimonate of uiiccilain loi inula 
lias been described,'’ and also a chlor.inf imonate. ( ,i(Sb('l„)^. hILO, 
<‘rystalhsinf» in very lon^r liy^rioscopic needles.’ 

CALCIUM AND NANADIUM. 

Calcium Orthovanadate, Ca,(VO,)^, is obtained by the decom- 
position of tlu' sodium salt with calcium chloride. It is decomposed by 
the action of water into calcium pvro\anadale and (‘ah'iimi hydrovide.'’ 

Compounds of triealcmm oilho\anadale with calcium haloids, 
similar to the phos|)liate and aiscnate haloycn eomjxnmds. IniM' also 
been described.'* 

Calcium Pyrovanadate, Ca^VoO.-. Two hydrates ha\c been 
described, Cai,\ all/), obtaimd as a white amoridioiis powdi'r by 
|>rccij)itatm^ calcium chloiidc willi sodium p\ lovanadate and drying 
at lOtf" and CaoV/);.^!!./), obt aim d as colourless mrdlesliv pr«‘cipi- 
tating an excess of calcium chloride with aiumonmm \anadat(“ in- 
ammoniacal solution.” 'I’lic wafer of crystallisation is easilv dn\< n oft 
by jicat, lca\'mg a yellow powder. Tlie salt is readily soluble m dilute 
acids. 

Calcium Metavanadate, CafVOg)^. A tetrahvdrati , ta(\(),)jj. 
HIA sejiaiates as yellow ish-whiti mystals on evajioiatmg a mixture 
of an alkali vanadate and (’alciuiu chloride solutions.” It loses all its 
water at ISO'’ C. On treating a mixture of umnionium metaxanadate 
^ Moissan. ('oinpt ruid , ISOS, 127, .>Kt, ,l«n Hhini, Pluf'- , ISOO, |7|, 18, ‘2S0 
^ {'.‘ii'Dti, ('am pi niul , IHjO, 48, 140 
i’ougot, ibid., 1S9S, 126, 1792 
^ Hellter, Pogg, An7ialen, 18.72, 86, 4 IS 
’ Sonderens, Jjull. Soc. chvn , 1800, [3|, 21, .■)0. 

•’ KamixieLsbeig, Pogg Annakn, 1841, 52, 

" Woinland ami I'cigo, litr., 1903, 36, 244 
" Miinasise, Atituilen, 1887, 240, 23 

• Hautofoiullo, Compt. rend, 1873. 77, 800 , DitU^ ibid, 1883, 96, HtO, 1221^ Ann. 
i'hm Phy.s , 188(5, [G|, 8, 502, .soe also Ephraim, Ztikrk amirg ('In in , 19<l3, 35, 71 
*“ Roscoe, J. Chin. Sue., 1871, 24, 23 
“ Ditte, Conipf tend , 1887, 104, 1705 

Berzelius, Pogg, Annalen, 183i, 22, 67 ; Norblad, Per,, 1876, 8, 128 ; Mftaa^'«', lor. rtl. 



Bjpuipi calcium chloride solutions with alcohol, bright yellow needles of thft' 
^^rihydrntc, ( a(VO.,)2.3ll2(), arc obtained.* 

j- IhmhU‘ Sails.- A double acid calcium potassium vanadate is known, 
CaO.'H\2().l()V2()5.22H2().'" 

Avid Sails. A miinbcr of acid salts Imvc been obtained by piccipi- 
tfitioii i’lorn acid solutions ; among them are, ( a().2V2O5.0ll2O,‘‘ 
Ca().2\'2()i.(iIJ2(), .iCaO.tVaOs.irill^O, :K a0.8V2()5.2«H20,* and CaO. 

Tlicv all Ibrm red crystals. 

Calcium Perv^anadate, CaVgO,,, is obtained as a >cIlow miero- 
crvstallmc prcci|ntalc by treating a solution of ammonium vanadate 
and ealennn x’hloruic willi acidilied hydrogen peroxide and alcohol. ’ 

C AJAIUM AM) COLUMIUUM. 

Calcium Pyro- and Meta-columbates (niobates). A eakmm 
oolnnibate is present m tlu' mineral j)ffrovhlo)v. If eolnmbic acid, 
potassium chloride, and a large excess of calemm lluoride are fused 
together at liright red heat for several hours, ealennn pyroeohmibate, 
CajCli.jO;, IS ohi allied in orthorhoinbn- jmsms. If llu* potassium chloride 
is in c\c(‘ss, the inetacolumliate, ('a(rb().,).2, is formed in long Him 
nccdli's.'’ The pyrocnlmnbate may also 1 k‘ obtained b\ precipitating a 
solution of ealeinm chloride with potassium eolumbale, fusing the 
precipitate with anhydrous calemm chloride, and lixiviating with water, 
whilst the inetacolumbate is jirepured by fusing the pri'cipitati'd salt 
with boric acid and lixiviating w'lth dilute hydrochloric acid.’ Th<‘ 
density of the latter is M2. 

CAIAIUM AND TANTALUxM. 

Calcium Pyro- and Meta-tantalate, Ca^TagO, and Ca(TaOj).2 
respectively, have been obtained by Joly by methods similar to those' 
which he employed lor the preparation of the eolumbates.'* 

Calcium Potassium Pertantalate, CaKTa20,,.4-5Il20, is preci- 
pitated as a crystalline powder by the action of potassium pertantalate 
on ealeium eliloride solution. It forms rhombic prisms insoluble m cold 
water. It is dccom]K)sed by warming with water, the acid se})a rates and 
the .solution beeonies alkalnie.** 

CALC IUM AND C’AIIDON. 

Calcium Carbide, CaC^. — VVdhIcr observed that a substance which 
evolved acetylene on treatment with water, apparently calcium carbide, 
,was obtained by the action of carbon on a zinc-ealciuni alloy.® Calcium 
carbide may also be formed by the actioiiofaniorphous carbon on metallic 
calcium, calcium hydride, or calcium nitride,^® by heating the compound 

' Soheuor, Zeit^fch. anorg. Vhem., 1898, 1 6, 284. 

■* Manasue, loc. at, 

* von Hauer, J, prall. Vkaw., 1800, [IJ, 8o, 324. 

* Manasae, toe. ei^, ; Berzehua, toe. at 

“ Hitte, Compt. rend , 1887, 104, 1706. 

“ J».ly, «M., 1875, 81, 207. 

^ Liai-ssun, ZexUch. anory. Vhem., 1890, 12, 188. 

“ Melikoff and fiOBarjewaky, Zextick. anorg. Vhem., 1899, 20, 344. 

® Wohler, Aniialev, 1862, 124, 220. 

Moisaan, Vompt^ rend., 1898, 127, 917. , 





^aCj.CjHg.lNHj, produced by the absorption of acetylene by calcium 
ammonium/ and by a secondary reaction when calcium chloride or a 
mixture of calcium chloride and calcium lluoride is electrolysed with 
carbon electrodes.’^ It was the work of Moissan iii Pans/ and inde- 
pendently of Willson at Spray in North Carolina, U.S.A.,^ that made 
possible the production of calcium carbide on a commercial scale by 
fusing together lime and carbon in the electric furnace. 

The physical and chemical properties were lirst studied by .Moissan. 
The pure compound forms transparent, colourless ciystals, of density 
2-22 at 18^^ C.,' but the commercial product is coloured by non and 
other impurities. The crystalline structure is complex, but probably 
orthorhombie.“ The melting-point is above the temperature of fusion 
of platinum. 

It w’as formerly stated that calcium carbide is produced from its 
elements with the absorption of heat," but, according to later in\cstiga- 
tions, it has a positive heat of formation of liM5 Cal.'* As might hi- 
cx[)cetcd, therefore, it dissociates at a very high temperature, above 
1 C calcium volatilising and leaving the carbon behind.''’’ The 
action is accelerated by certain salts, especially calcium lluoride. 

Calcium carbide is insoluble iii all known solvents. It is not reduced 
by hydrogen, but it reaets with the balogeiis between 250*^ and .’100' C. 
with meandcseeiiee,'- burns in oxygen at red heat forming earbonatc, 
and m sulphur at .j 0()° C. forming ealcium sulphide and earbon disuljiliide. 
With w'ater and with dilute acids it produces acetylene. It reaets with 
gaseous hydrochlorie acid at red lieat, becomes meandcsccnt when 
treated w’lth oxidising agents, and reduces oxides and salts, forming 
lime and the free clement or carbide.'** It also reduces a number of 
organic compounds to earbon." 


‘ Moisbuii, Compl r<‘U^ , 185)8, 127, 911, but mm* ll.u’kspill uiiii Hololfsai. ihid , 15*21, 
173, L.')! , liotdlfsoii, Aon ('him, 1922, p*!, 18, 1 BotullHoii slutwl that llio piiro (oin- 
poutut call iiiilv 1)« ol)laitU!fi liy diioct union of ( alduiii and carbon in an atmoMplicio of 
.iiljoji at about 92 -970 (’ 

^ Moissan, ('ompt niid , 1904, 138, OdI, 1194 , Bullici, ihtd , 5*01. 

J Moisaan, ibid., 1892, 115, 1031 , 1894, I18, 501. 

* \Villa«in, Knj5lish I'atcniH, 10705(1894); 15300(1895). 

But so(! UotolfHcn, hr ci(. 

* Warron, Amr J tSei., 1921, [5J, 2, 120 

’ do Foiciaiid, Compl mnd , 1895, 120, *>S2 

* Moissan, ihid , 15*01, 138, 243 ; tJuntz and BasHclt, ibtd . 15*05, 140, KO.t 

» do ka} Tlioinpsim Mil (’firm Emj , 1910,8, 279,324. Tins seems to bo a rather 
low teinporatuio in view of the toinperatuics mvclusl in tnanufiicturo. 

MoiHsati, Compt. lend , 1898, 126, 302 ; (im ami ladc-ux, ibid , 1H98, 126, 230 , Biincr 
and Kuhne, ibid, 1913, 156, 020, Botulfson, lor cit , Kilwcm, Waitii, and Ucutnoi, 
Zethek Elektrochem , 15*11, 17 , 177. TIioho invest ig.itors thought that a .subcarbido might 
be formed. . 

According to Ruff and Foerster, Ztilsch. anorg. (Jhein , 1923, 131, 321, the diKHotia- 
tion pressure of calcium carbide is 1 ram. at 1825® £50“ C. and 1 atmosphere at 2500 
50“'C., the vapour bemg mainly calcium, not more than 4 5 per cent, being carbide 
• vapour at 1 atmosphere. 

See also Barnes, Chein. Nem, 1919, 119, 200. 

. Venable and Clarke, J. Avier. Chem Sac,, 1896, 17, 300; Moissan, Compt. nnd., 

, 1897, 125, 839, Warren, Chevi. News, 1897, 75, 2; Bamberger, Urr., 1898, 31, 451; 
Tarugi, Oazzetlu, 1899, 29, 1, 509; Frohlioh, Zeitsch angew Chem, 1899, 12, 1177 ; (Jcel- 
muyden, Comid. rend , 1900, 130, 1026 ; Neumann, Chem ZeiL, 1900, 24, 1013 ; 1902, 
1^26, 716, 1108; ZeifJirh. Ekktrochem , 1902, 8, 772, 939; von Kugdgen, Vhrm Zeil , 
^ 1900, 24, 1000; Zetbich. Ekktrochcm , 1900-1901, 7, 541, 557, 573; 1902, 8, 781 ; Bring, 
Chem. Soc., 1906, 87, 1530, 
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At lilt'll tctMjKTaturcs raUiuin carbide al)sorbs nitrogen, forming 
calciiini ( yamiiiiidc, t'at’Xg,' and at 100^ (’. it absorbs acetylene, 
giMug flic coiiipoiind “ 

'riie reaction by ^^lllch carbide is produced is reversible.^ 

(.'aO .‘K’- i'iiC., \ CO. 

The heat absoibed in tlu' icaction from left to right at ordinary 
(cmpcratiircs isjll Cal., with a negative temperature eoenieient of 
() ()():i;j Cal. per ‘degree.’ Ciidcr the conditions of nianufaetiire the 
pressure of carbon monoxide cannot be less than \ atmosphere, which 
will be the ainoiinl loinied liy the action of atmospheric oxygen on the 
carbon. The tenipi'ratnrc at which this jire.ssurc is reached is Ki.'jo” 
17‘2(C ('., ealeulated liom the heat of reaction and from the pressure 
determinations at lower tempi'ratiires, by means of the cipialion 
-['C)7 log,,, j) , p, Q( I T, 1 T^) wIk'ic Q is the ipiantity of heat ab.sorbcd, 
and j)i aii<l Pj the pressures at th(‘ ab.soliit(‘ tcniju ratiircs Tj and T^ 
This could not be \enlied ('Xperimentally, liccaiise, imdi'i* the conditions 
of the ('\|)ermient, the lalcium carbide breaks up into its elements a 
littl(> abo\ (' M75'' ('., but m piaeliei* this tciuperatun* must evidently 
be (‘xeei'ded bc fori' carlialc can be formed. If the eaibide is cooled 
in an at mos|)here of carbon monoxide there is a back leaction in the 
neighbourhood of the .solidifying point, but the effect is limited to the' 
surface m contact with the ga.s, and .so is not important on the large 
scale.’* 

On heating the cat bide w’ith carbon in the elcetrie furnace the carbon 
IS dissoKed.’ 

The manulaeture of ealcium carbide consists simph m the fusion 
of a mixture of lime and earlion at the high tcanjicraturc of the (‘k'etrie 
furnace. Carbon or graphite electrodes are ii.sed. 1’lic liiiiuurs in 
use may be divided into two classes -mteimittent and continuous. 
Although the intermittent process, by which the carbide is gtaduall} 
built up into a huge block during the operation of the furnace, piodiiees 
the best cpiality of carbide, it is lallmg into disfavour Ix'eause it is 
uneeoiiomical to work. The furnace has to be allowed to cool, and is 
then dismantled m order to remov'e the carbide and to recharge. 

The continuous furnace is mailc of sheet iron lined with carbon and 
mounted on wheels. It is open at the lop for the admission of the charge. 
One electrode consists of several blocks of carbon hanging over the toj) 
of the furnace, the other forms the hearth or bottom of the fui-nac(x 
An outlet ncai' the bas(‘ allows the molten carbide to be drawn off from 
time to time, whilst fresh charge is fed m at the to[). The carbide is 
run into ea.st-iron trays and allowed to cool. To merease the fusibility 

^ Erlwoin, Zetisch. arujew Cltan., 1903, i 6 , 633 , Frank, , 630, 069 , Rotlie. ibid , 
058. S(‘o lutoi. 

® MoiHwnn, Cortipi. 136 , 1.622. 

“ Rothmund, Zeitsch. anortj, Vhem., 1902, 31 , 136; Frank. Zeii-ncli. anfjiw Chctii , 
1905, 18 , 17:U. 

* do Kay 'fliompson, Tiaiv*. Arno Hleclrochem Soc , 1909, 16 , 197 This author 
found 121 Cal., but the value in the text is obtained by recalculation fium more recently 
dotci mined values for the heat ot foiniatum of caJdum oxide and caihide 

® do Kay Thompson, Met. Chetti. Kmj , 1910, 8 , 279, 824. Employing hiH figure for 
the heat of reaction, Thorap.s(m found the minimum temperature to bo 1800° -1875'’ C. 
See also Rothmund, Zolsch. anorg Cficm., 1902, 31 , 136 , Rudolfi, ibid , 1W7, 54 , 170. 

® Hutton and Petavel, Proc Rog Soc., 1907, 79 A, 155. 

* Kahn, Compt. rend., 1906, 143 , 49. 
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of tlie product an excess of lime is used, so that there is a smailt r vohinu; 
of acetylene per unit wei«iht than in the ease of block carbide, 'rhere is 
also a ^u’adual aecuinulation of slaji and impnritn's which elin^f to the 
sides of the furnace and lill it u|). 

The Albv lurnaee, used at Odda in Norwa\, which is ol this t\pe, 
can ju’odiiee 7 S tons of earbuh' per da\ aiul takes a eiirient of ‘JH.OOO 
ain|)eies at ."lO \olts. The tianpci.itiiie is between 12000 and OOOO’ 

At .Niaj^aia the lIori\ furnace is in ns«- It is in ihe form of a lai-fje 
lexobm^T wliec'l b\ wliu'li tlu* ** eliai^(‘, as th(‘ opeiation is eoiiipleled. is 
^railiialh eairied past tlu' lixial elect nuhs. 

The lime and carbon ai(' intiodiieed in llu‘ loiin of liimjis, .5 S eni. 
Ill dianietiT, so tlu' lime must be smdi as to eahaiu' without falling into 
powdei. The natural impurities should not esetid iiion than I a [ler 
cent, oi the biinit lime, and of this not moie than 12 pel cent should 
consist of iiia^iK'smm and almiimiiim oM<h‘s which make llu eaibide 
h'ss fii.ible. 1'he loriiiatioii of non siIk kIc should lx* axoided, as il ni|iires 
Ihe lurnaee* and ( lushina apparatus and m<i\ be Ihe cause ol explosions 
If I lu' eai bide is to lie list'd lor the pHaliu t loll of aeet \ l( ne, |)hos|)hoi us 
IS (Innyeious and sulphur ihsanieeable but not daiim'ioiis- TIu' e'aibon 
may be in the iorm ol aiilhraeili', i oke, retort eaibon, or wood 
ehaieoal, but the ash eonteiit iiiusl be \ei\ low and the |)hosphonis 
absent. 

As water power is desirabh' lor the eh-etne cm lent letpnrements, 
production on the lai^est scale is m Seandiiiavia and America Tlit're 
was, at Inst, o\< r-pio(iuelion ol eaibide, owinj» to a too ^n*eat oplmusm 
as to the \alue ol aeelvleiie as an ilhinniiant, and many laeloru's had to 
be closed ayam and still remain closed (ll)l2‘2).'' The earliide first 
pioduetd contained too iiiaiiN impuiilies. Now. ho\ve\(‘r, a better 
jiroduel is obtained, and Iheie is an uu*ieasmf» demand dm* to llu* nsi* of 
aet*lNlene in oxva(*<‘l\ l(*ne we'ldin^. .iiid Mares in marine woik. More 
mijioitant still has be(*n the use of eaibidc* as a slartnif^-poiul in the 
inanulaetnu* ol evaiiumide and olh(*i s\nth(*li(* mtroi»(*ii pioduels.‘ 

Ollu r uses for it ha\( also bti n |iioposed . lor exanij>l(*, tla* formation 
ol iiu lallie alloN s Iroin oxides oi (*hlorides, the carbide beiiif^ used as a de- 
oxidising flux with boiax, sodium ehlorule, or (*alenim ehloride, ’ and the 
prejiaiat Kill ol ai^on lioiii tin* aliiiosphere bv <*n(*ulat iiiji air over a 
inixtiiK* of ealeium eailmle and (*hloride at HOO'" to absorb oxv/fen and 
nitroj^en.'’ Tlu* production ol alcohol fiom larbide has appaieiitly be(*n 
tried suei*essfully on a small s(*ah* m Swit/erlaiid." Its apjiheation us 
an explosi\e in minin^f operations by usm*^ (arbidi* cartridges (*onlaninig 
an air-space, so as to give an ex|>losi\e mixtiiK* of air ami aeelvlene, has 
also been suggcst(*d.''* 

Instead ol using water m the lupiid form for the product ion of 

* Hue Tuckt*i, Alc’Mimlcr, and IliubfHi, tmo EUiftuihcni »S'i>< , IIIO’.l, 15, ili. 

* Withersjion, t/. Sue Chtm. fiiil.. Ill 1 11, 32, 113 

® Hoe Chtm. Met Enij , IU22, 27, H32. 

* >Soo (.’.lUinrn (Xatiainidi', p iIt 

Mludgkinstm, ./ Sue ('hvm /ti</ , lilt t, 33, 445 , soo alho Nouinann, ZriMfA Elek- 
trurhein., 1902, 8, 772 

** Fiachcr, liei , 19117, 40, 1110. 

Tali and Flotclioi, Chent JliitutU, 1920, 5, 448, Hennig, Chnu Ah, 1920, 
14, 2075 , sec also Moiiiei \\llllam'^, Power Alcohol iU‘'niv Fiowdo and Hoddi-r &, Htough- 
ton), 1922, ]). 194 

“ GluMras, Compt. rend , 1904, 139, 1226. 



%;fitcfylene, the carbide may be heated with salts containing water of 
^crystallisation.^ 

Calcium Formate, Ca(HC02)2t forms aiihydrous rhombic crystals 
of density *2-()]5 when calcium hydroxide or carbonate is neutralised 
I by loriuic acid.“ It can also be obtained by the action of carbon 
nionoxkh' and steam on calcium hydroxide at 250°-3()0° C. At higher 
tcinjicralurcs, 500'' -600'’ t'., calcium formate in the presence of water 
, produces calcium (;^rbonatc and hydrogen.® It is only slightly soluble 
m aI(‘oli()l, but 100 gnu. of water dissolve 10 6 grin, of the salt at 20° C.** 
The solubility increases slightly with temperature. The degree and 
nature of the electrolytic dissociation of ealeium formate in solution 
have bc(‘n studied.® 

Calcium Acetate, Ca(C 2 H 30 j,) 2 » <‘rystallises from hot solutions 
in thin needles with 1 molecule, from cold solutions with 2 molecules of 
water of eiyshdlisalion. The transition point is at 81° At 20° C. 
TOO grm. of water dissolve at-TJl grm. of anhydrous ealeium acetate, 
imd at 100° ('. 29-(),'5 grm.** The eleetrolytie dissociation of tlu' salt m 
solution, ejdeulated from the freezmg-jiomt lowering,’ is miieli greater 
than that indicated by the eleelrieal eonduetivity.'* The densities of 
solutions of ealeium acetate have been determined.* 

Acetone is prepared eommereiallv by the distillation of ealeium 
aeetate. The rcaetion is prnetieall} <piantitati\e, but losses occur due 
to the further decomposition of the acetone vapours coming into (‘ontaet 
wilJi the heated walls of the containers.^” 

With acetic acid and ealeium nitrate a crystallised double eom- 
pound is formed, and an acid salt, is obtained by 

treating solid eahnum hydroxide with concentrated acetic acid.“ 

^ Calcium Oxalate, CaC^O^, ery.stalliscs from very dilute solutions 
ill the cold with Ji molecules of water, and at room temperature with 
,1 in monoclinic crystals, its density being 2-2.'® The water of erystal- 
lisalion is only eoin])lctely removed at 200'’ C., and at red heat the salt 
is decomposed into calcium carbonate and carbon monoxide. Calcium 
oxalate is only slightly soluble in watcr.^® By electrical conducdivity 
methods, Kolilraiisch found a solubility of 5-6 grm. per litre of the 

' Atl»ms, hn^umeiuKj, 1900, 8i, 261 ; Tumoi, Amer. Chem. J , 1907, 37, lOO , Masson, 

* 2'raiU). Chem. Soc., 1910, 97, 851 F«)r furtlior dotails on the manufacture of calcium 
oarbido boo Pimg, 7'hc I^kdrir Furnace (Longmans, CJrecn & (Vi ), 1921, p]). 11, 102, 
435; Mai tin, Induiitnal Vhaiudty, hiotyamc (Crosby Lockwood & 8011), 1917, ^o1. 11, 
p. 409; Thorpe, £li(1 A p pi. (-'hem (Longnmns, (Irecn & Co.), 1921, vol. 1, p 738, Moissaii, 
Traite, de, Chimw. Minewk (Mushoii et Cio), 1904, vol. ui, p 090; Blount, Prarticat 
iAccUocheinnstry (Archibald (Junstablo & Co, Ltd), 1900, p. 208; Borcheis, Electric 
Furnaces, tiaii.Mlatod by Solomon (Longmans, Creen & ('o ), 1908, p. 104; Bideal 
Industrial Electrometallurgy (Badhdre, Tmdall & Cox), 1918, p. 173. 

* lloussoi; Jahresber., 1861, 434; Schroder, Ber., 1881, 14, 21. 

> ® Levi and Piva, Annalt Chim. appl,, 1910, 5, 271. 

* Stanley, Chem. Nem, 1904, 89, 193 ; Lumsden, Trans. Chem. Soc., 1902, 81, 360. 

^.Calame, Zeitsch. physikal Chrni , 1898, 27, 401; Schleainger and Bunting, J. Antcr. 

Chem. 80 c., 1919, 41, 1934, BoIu1;ionu in anhydrous formio acid. 

* Lumsden, he. cil. * 

^ Calame, he, cit. 

“ MaoGrogory/ Wied. Annalen, 1896, 51, 120. 

® Franz, J, prakt. Chem,, 1872, [2], 5 , 298 ; boo Corlach, Zeitsch. anal Chem., 1888, 27 , 
289. 

Goodwin and Sterne, J. Ind. Eng. Chem., 1920, IS, 240. 

Colion, Compt, rend., 1903, 137, 1001 ; see also Vilhera, ibid., 1877, 84, 774. 

' « Schroder, Ber., 1879, 12, 564. 
f *• See Eatiuiation of Calcium, p. 146 el seq. 



EmhydiH>us salt at 18° C.,i but luuch hiprhcr values have been 
It is praetieally insoluble ni a dilute solution of anunoiiiutn oxalate, * 
but some salts, for example magnesium and /nje ehloi ides, inerense the 
solubility. 

Double Salts are formed with ealeium ehloride, lor example, 
CaCjO^.rada.TllaO and ;U a(\/)j.Caa,.8ll20.‘ 

Caleinm oxalate is found in many plants. In rhubarb, for instance, 
it oeeurs in aggregates of needle-like ei^stals. It is found m eonsulerable 
(jiiantity in eertam lichens growing on limestone. 

Calcium Carbonate, CaCO.,.-Calenim earboiiale is one of tiu' 
most frequently occurring eompoiinds of ealeium in both inorgame and 
organic nature. It is often found m large masses almost ehemieallv 
pure. Chalk, liinntoiir, mtnbir, caivspar, coral, and the shells of uiolhises 
arc the principal sources. It is also found as ilolonuir, m which some 
of the ealeium is replaced by magnesium, and as the double ealeiimi 
lead c-arbonatc', plumbocnlvite. 

Two erystallme form.s undoubtedly exisl. The most witlely dis- 
tributed is the hexagonal form, <‘afciU\ cab'^par, or la'laud spot, showing 
marked double refraction. JtafloinU' m rhonibie <r\stals is iniieli 
rarer. Other forms lane been described eonehile,-’ kt\peile. or 
\atcrite,‘* and lublinite.’ According to more recent invest igal ions, 
ho\vever, these latter are idcntieal with one or other of the tw'o widl- 
known forms and a third form, ^-ealeium carbonate, consisting of 
mieroscopic hexagonal plates of density 2-ot, which is obtaiiu'd by 
precipitation at 00' C’., but is always eoiitammated with the other 
two.® Another form, a-ealeium carbonate, only stable at \ery 
high temperatures and with optical projicrtics a})parenlly iilentieal 
with those of ealeitc, has also been mentioned.*' 'I’he ap- 

parently amoriihous varieties jirobably consist of minute crystals of 
caleite. 

Marble and limestone consist of small interlocking ealeite eryslals. 

Caleite and aragonite form one of the earliest n‘eogmse(l eases of 
polymorplnsm. Uoth are anhydrous calcium carbonate, but, besides 
the difference m erystalliiu' form already noted, there is a diffcrenec in 
density, winch is 2’715 for ealeite and ‘iiKD for aragonite. Caleite is 
isoniorphons with sodium nitrate, and aragonite with strontianite. 
There is an extensive literature of the mutual relations of ealeite and 
aragonite, the former being the stable variety under ordinary eoiulitions. 
When ealeium carbonate is formed by precipitation, it is very probable 
that, in accordance with Ostw'ald’s nilc, one of the unstable forms, 
/i-caleiuni carbonate or aragonite, is lirst obtained, and that Ibis changes 
with more or less rapidity into caleite. In some eases, owing to the high 
temperature or to the catalysing effect of the salts pre.scnt, the velocity 

^ Kohlrausch, ZpaIscL phy^ikal Vhem., 1908, 64 , 129, hih) aluo RiciiatUs, Mudafln^y, 
and Bisbee, Zeiiech. anorg. Chem., 1901, 28, 71. * 

* Herz and Muha, Ber., 1903, 36, 3715. 

* Biohaida, McCaffrey, and Uisbee, he, rti. 

'• ‘ Fntzsobe, Juhresber., 1864, 372. 

« Kelly, J. Chem Soc,., 1901, 80, Aba. 11, 168. 

« Vater, Zeiisch. Kryat. Min , 1893, 21, 433 j 1897, 27, 477; 1902, 35, 149, Uu'voix, 
Compt. rend , 1898, 126, 602 ; Meigen, Chem Zeit, 1910, 34, 1015. 

* Motozowicz, ZeitecA. Krysi. Mtn,, 1911, 48, 622. 

* Johnaton, Merwin, and Williarnsun. Arner. J. Bci., 1916, [4], 41, 473. 

' Boeke, Jij^rb. Mtner., 1912, 1, 91, see J. Chem. Hoc., 1912, 102, Abu. u, 760. 
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of traiisformsition may lx* so ijrcat that calcite aj)pears to Ix' the first 
pr(nj)itatt(l.^ 

Ill the dry stak* araj'omto is not cJiaiifjod into <'alcite witli apprct-iablc 
lajiidity until a temperature above t0()° ('. is reached. At t-TO" the 
change takes pla< e m a few minutes.- If under any eonditions ara^^omte 
can ix' llie slalile form, it must be a1 very low tempiaaluK's. Tlie 
tiansition temjx'rature has been <»i\en as i;{ 1.5’ (', iismn r ('. per 
K) aLmospherest merease of pressuie.** It can only be m the coldest 
regions of the ('arlli, tlx'refore, that natural aiagomte is the stable form. 
The following are jirobalily the mam conditions under winch aragonite 
forms m nature : (u) through oigaiue agencies, for example shells ; 

(/>) by deposition fiom hot spiings , (e) when an isomoiphous eaiboiiate 
IS jireseut to ser\e as a miehais ; [d) b\ eheimeal precipitation in eertam 
saliiu* waters jii the presence of sul|)hate. The presi'rvation of aragomti' 
111 any but recent geoiogi(‘al formations may d(‘pend on its ha\mg bec'ii 
kejit dry, or on the jiresenee of impurititss, which are more frecpienl in 
aragonite than in ealeil(‘and which reduce the rate of transformalioii by 
wak'r I)} rc'dneing the solubility below that ol ealeitt‘. In ohhn rocks, 
fossil shells of such a typethatthey weie pr(‘sumabl\ aragonite origmallv, 
now consist ol ealeite.^ 'rix* eliange from aragonite to ealeite is aeeoni- 
panied b} a 10 jier cent, increase in voIuuk*. The heat ol transformation 
IS so small, howc'ver, that there ap|X‘ars to be some doubt as lo whether 
it is positive or negati\e.‘ It is possible that it ma\ lx* positni' at 
ordinal y teniiieratures and negati\(‘ at higher ones " 

//,-C’aleium earbonat<‘ is t(X) unstable to be found as a mineral, and 
u-ealeium carbonate is only stable above 070' C’., the tempi'ralnre of 
transition from ealeite.’ 

A nuinber of colour tests have been suggested for distinguishing 
aragonite liom ealeite m minerals. These depend on the tlil'ferent 
reaetivities of the two inodilieations towaids diflerent s.dl solutions 

C’aleium carbonate mayij^ie jirepared by pieeipitation of a soluble 
ealeium salt with an alkali carbonate, or b\ neutralisation ol erdeium 

'■ Rose, ,y pKikl ('hem, lM»l, llj, 82, 851. J'otftj Anmdrn, 1S87. 42, 858, iSbl, 
112,48, Jahmhi) , 1850, STS. 1S5H, 120. \ ,xWi. Ztihifi K/t/d Mat, 1808,21, 188, 
18115, 24, 800, 878, 181)8, 30, 205, 18511), 31, 5.tS , Aillri, Z,ih(h ttmjur Ctum , 181)7, 
10, 181, Stocks, J Ntit Vhnn I ml, 15)U2, 21, 527, Footc', ZrUscA p/ii/',dnl Clmn , 
15)00, 33, 740, Mi'igni, Jahih Minu , 15)0,8, 11, 15), ('lum 7a nU , 15)08. u. 1411 , 15)05, 

I, 1808, llulsthok. Chon /a iI , 15)05), 33, 45), Liitiiuici, Jahib Mimt , 15)10, j, 15), 
VutU'i, ZfU.scA /vcys/ 1/c/c , 15)1 1, 48, 45 

- LiuschtscluMikc), J. Hum Hfufs Vhem Ncx., 15)11, 43, 75)8 , Sosiuaii, llostklci, .iiicl 
Mi'rwm, J. lI'^fljrA Acad 15)15,5,508 , .Jttliiiston, .Mc-iwm, and \\ loc nf 

Sec aku Rose, l’o(/t/. AunaUn, 1800, ili, 150, Muon anil Itiuneau, i'ompt uml , 1881, 
95, 182, bourgeois, (Jluni. Pfuf.',,, 1888, [51,29, Hull Sul. chim , 1887, [2|, 47, 81 , 
Acilei, !(>(■ ill , Vatei,Zoc' nt . Foote, loc at 

■* Rackhtroni, Zeiisch plupikul Chem , 15)21, 97, 175), se(' aUo .J(»lin''ton, Mciwin, and 
Williamson, loc. at. 

* Johnston, Meiwm, ami Williainaoii, loc at , aec ako Johnston and Williamson, 

J. GeoL, 1910, 24, 729, sno J. Chem. Hoc , 1917, 112, Abs u, 213 

^ bo Chatolior, Voinpt, rend, 1898, 116, 890; do Forcrand, tbui., 1908, 146, 511, 

I awchthchonko, loc. cit.; Favio and Xilbciinann, Ann ('him. Hhy,', , 1858, [8], 37, 434, 
Bocksdrom, loc at , found - 0 07 Cal. 

*’ JoJmston, Mei'win, and Williamson, lot cit. 

^ Booke, Uic. cil. 

“ Moigon, J ('hem. Soc , 1901, 80, Abs 11, 092; Chem Zat., 1910, 34, 1015, Hutolun- 
son, J. Chem. Soc,, 1903, 84, Abs. 11, 379, Thugutt, Chem. Zenti , 1910, 11, 1084; 
Niedewtadt, Zeitsch angew. Chem., 1912, 25, 1219, Qnercigh, Ath R Acc/td. lAncei, 
1916, [6], 24, 1, 1231. 
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CALCimi AND ITS COMPODNDS. 

hydroxide solution witli earlxui dioxide. The latter is not an instan- 
taneous pi'oeess hut may tak(' a eonsiderahle tune before it is 
eoinj)let(‘ It is prohahlv ^ro\ eiiu'd h\ the late of h\diation of earhon 
dioxide ' 

lly fusion of the |)r(“ei|)itated carbonate with a uuxturi* ol sodium 
and potassium eliloridi's, ealeite m a \isil)l\ (‘lystallme form mav he 
obtained." 

The speeilie heat of ealemm earhonati* at ordmam' tempeiatures 
IS 0 2027.® Ref^uault ^a\e tlu' follow mj; \ allies for the spi'cilie heats of 
th(' diffeient mineral forms at IMt (' ^ 


leeland spar 

O'iOHaS 

Aragonite 

(b20H50 

White maihle 

()‘>1.78r) 

(ircy marble 

()-20989 

White chalk 

0-21 1-85 


('aleit(‘ IS phosjilioreseent under the cathode ia\s,'‘ and some speci- 
mens also wlieii lii'ated.*’ oi on insolation ’ 

On heatmii ealemm earhonate it decomposes into ealemm oxidi* and 
eaihoii dioxide’' 'I'lie U'aclion is Kveisihle at hii»h temperat iiies, and 
for (‘\erv tempeiatiire then is a <‘oiiespondmfi e(piihhimm piessiin* 
of eaihon dioxide** This heha\ioui is to In* i xpeeted if the system 
consists oftwosolul ph.ises, caleiiim oxide and ealeiiim earhonate, and 
a \a])oiii phase, carlion dioxide. ,\t low temperatures dissociation 
and K’-ahsorption pioeeect \er\ slowl\, and depend \eiy much on the 
1‘ondition ol the solid jihases .lohhois and Rou\i(‘r lound that the 
1 ('action IS not com|»letel\ re\ersihl(‘ when pure ealemm carbonate 
alone forms the staitm^-jiomt. \ imxtiiie (d' ealemm oxide and 

calcium earhonate must lie used Piohahh the dillieulty is of purely 
meehanieal origin These aiithois rei^aided it as an indication tliat a 
solid solution of ealemm oxich* in ealemm e.irhoiiate is formed." 

The following \ahies ha\e been j,n\en loi the dissociation pressiiies 
of ealemiu eai hoiiate at different tempciatuK's . - 

Tcin[)(‘ititiiif, (' .‘iftn .'mD itoa avi Too T.'iU .sail k'iu <iihi looa 

niin mi'icnu (Ml 0 "IT 2 T) s 2(1 2'» It (»S KiS M‘,\ 7711 1 tao 2710 

The temperatiiie ol dissociation at atmospheric pressure, 700 mm., 

aeeordln‘^ to Uiesenfeld is OOS a Iledxall found 91.T-Jt2;T 

' VoilanfUi .ind Stmhi', Jk, , UUS. 46 , 172. Thcil. thid . Ulllt. 46 , 211. «07 
“ BfiurKCoi'', (in)ii /Viv- , 18iS;i, |.>I. 29, tSO 

' Neiiist, KuiL'f, and Lindeinnini, j K ALad H !■•'> /to/iw, lUlO, 247 

’ Kc}inault. t»i?i C/nm , IStl. [3], l, 120 found 0 200 foi calcHiiai ainl 

0 203 (or arajjonitix Annalen, Suppl., 1804 o, 3, 20o 

' CrO()ko^, Botf Soc , 1881, 32, 200, <lii HoisOamlray, Covtpi tend , 1880, 103, 
468 

* Pisam, Compl rend, 1914, 158, 1121. 

' Headd('ii, Awr ./. Sci , 1900, [4], 21, 301 
See ('alcmm OmOc, ji .'lO 

• Debiay, Gompt rend., 1867^64, W)3 ; Uinoinc, Ann Chtm Phys , 1872, [4J, 27, 308 
JoliboiH and Buu\ier, ('ompt rend , 1921, 172, 1182 

See also Zavneft, •/ Runs Fhyi Cfietn Sor., 1909, 41, 0 34 
Uiesenfeld, J Vhim phyn , 1909. 7, 561 ; sec also ZavnelT, Gompt. rend., 1907. 145, 
428 , highci values were obtained by 1 j(‘ ('hatolier, Gompt rend., 1888, 102, 1243 
Hedvall, Zeitach. fnorg. Chem , 1916, 98, 47. 



and Johnston 898° CJ The latter obtained the followin^j ('(joation for 
the |)i‘(‘ssiire-tem})(‘rature curve ; — 

^ ) 1-1 0 0()12T ^ 8-882, 

\vlu'r<“ p is tlic ]u*cssurc in niin. inorcurv and T the a])sohite ti'iuperature. 

Since' araj,aniite is Hie unstable form, it should have a hif^her dissoeia- 
tion jircssurc than ealcite, but at the temperature at which rapid traiis- 
forinalion into calcite begins, the pressures are only of the order of 9-01 
mm. and (lifferc'nccs cannot be determmed with accuracy.- 

The molecular heat of formation of jirccipitated calcium carbonate 
from calcium oxide and carbon dioxide is Cal., of calespar t2'0 
Cal., of aragonite t2-(l Cal., and of the carbonate at the temperature of 
decomjiosition under a })ressure of I atmosphere 3t*76 Cal.® 

Marble is generally said to be of igneous origin, and JIall claimed to 
have olitaiiicd marble by the fusion of chalk,* bul the expcnmenls were i 
re])ea1ed liy later iiu estigators without success.''’ lleeently a substance 
of the eliaraetenstie a])pearanec of marble has been obtained by heating 
anhydrous ealeiiim ehhtride with hydrated sodium carbonate, or h\ drated 
ehloridi' with anhydrous carbonate, for eight hours at 30(C 305 ('. 
imd('r 2 t atnios|)licres pressure ; or by saturating \Mth earlxni dioxide, at 
room temperature, a paste of jirceipitati'd chalk with saturated sodium 
ehlorute solution, and heating for eight hours at 300-305° C. under a 
pressure ol' 27 alnios[)heres.* Tx* (’hatcher supjiosed that he had obtained 
evidence of fusion ol' ealeiuni carbonate, with or without iiri'ssiire, at 
1020° C.,’’ but this was (juestioned b\ Joannis,® and also by Iloeke.® who 
found that it partially dissociated but did not melt even when heated 
to 1 10()°--1500° C., under a prc.ssure of carbon dioxide of 30 atmosjiheres, 
although the original line powder became crystalline. In later experi- 
ments, however, tlie latter siK'cccdcd in fusing Iceland sjiar at 1289° ('. 
in carbon dioxide at 110 atirios])hcrcs pressure, but the work of Smith 
and Adams seems to indicate that the melting-point of calcium carbonate 
lies a little above 131-0° (’. under a ])ressiirc of about 1050 atmospliercsJ^ 
An eutectic mixture containing 50 per cent, of calcium oxidt' fuses at 
1210° ;L1° C. under about tO atmospheres pressure. 

(’alcium carbonate is only very slightly soluble in water, Init the 
solubility is greatly inlluenced by the concentration of carbon dioxide 
in solution,’® and this in its turn depends on the concentration or partial 
pressure of the gas in the vapour space above the solution, 'fliis inllucncc 
IS explained by the hydrolysis of calcium carbonate by vatcr, forming 
the more soluble calcium hydroxide when the partial pressure of carbon 
dioxide is low, and by the formation of calcium bicarbonate, which is 
also more soluble than the carbonate, when the partial })ressure of carbon 
dioxide is high. After prolonged lioiliiig of a suspension of calcium 
carbonate, the sulistance })assing into solution is practically all calcium ’i 

* Johnston, J. ximer. Chtm. Sot., 1910, 33 , 9.38. 

* flo.sman, Hostettor, amd Merwin, J. VK<wA. Amd 8 c»,, 1915, 5 , 583 

® do Fororand, CompU rend., 1908, 146 , 511. 

* Hall, Traim. Itoy. Soc. Edinburgh, 1799, 5 . 

® Roso ftnd Siemens, Pogg. Annahn, 1863, 118 , 665; Becher, Jahresber., 1880, 2301. 

* Copisarow, Traru. Ch^. Soc., 1923, 123 , 786. 

■ I ..0 fhatolior, Compt. rend,, 1892, 115 , 817, 1009. . ' 

* Joonnia, ibid., 1892, 115 , 934, 1296. 

* Boeko, Zeitsch, atiorg. Chem., 1906, 50 , 244. 

Booke, Jahrb, Miner,, 1912, i, 91, boo J. Ghem. Soc., 1012, 102 , AbB. li, 760. 

Smyth and Adams, J, Amer. Chem. Soc,, 1023, 45 , 1167. 

'* Bmeau, ^nn. Ch%m. Phys., 1857, [3], 51 , 290. • 
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hydroxide.^ Hy piissiiij^ a very ra])id stream of earhoii dioxide' throujih 
saturated lime-water at 15'" C., a concentration of 2 20 ^^rm. of ealeiiim 
carbonate may be reaelu'd, but tins only persists for a short tmu' - 



A stud\ of the solubility ot ealeium carbonate is. therefore, a sliidv ol 
till' I'ciiiililirium conditions in the ternary system, ealeniin oxide, carbon 
dioxide ; water, and for any one temperature a pre.ssure-eonei'ntration 
eurv(', eonsisiiii}' of three branches, ini<ilit be draAMi, as shown in Kig. 5, 
whi(‘h ftnes a j^eneral, but not an accurate, indication of the course ot 
the curve -the low-pressure* part of tlu' curve bcin«r on a much lai’irer 
scale than the hi^di-tiressure part. 

The branch AH reprc.sents the shjjhtlv incrcasin^r concentration of 
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the solution in oonlsict wlh solid calcium hydroxide for partial pressures 
up to about 10 "^^ iitmos}))i(‘rc, at which |)oint, represented by H on the 
dia^rain, the solid phase, ealeium i-arhonate, apjiears. The solubility 
then falls with iiiereasin<r pressure to a nuiiiiiuim value at about .‘1 S x 10"’^ 
atinos|)here, as ealeiiluted b\ .Jolinslon and Williamson Iroiii the solu- 
bility product. ‘ The solubility rises a^uun. rapidly at lirst and then 
more (fraduallv, until, at about l.> atmosiiheres jiressure, marked by 
point (', a Iresh solkd phas(\ ealeium bicarbonate, should appear.- The 
line CD show’s a slij,ditly deereasinif eoneentration of bicarbonate with 
further increase ol ])ressure. 

It IS ))robable that eviui at tlu' miiuinum eoneentration of I’aleium 
ions in solution, w'liieh is the inavnnum of earbonate ions, more tlian 
50 per (‘cut. of the ne^uitive ions still consist of hydroxyl and bicar- 
bonate ions 

'riie solubility of ealeium carbonate' under normal atmospherie con- 
ditions, at a jiartial pressure of carbon dioxide of 0 ' 10 “* atmospheres. 
IS 0 .*} injfui. per litre. The failure of some in\ estimators te> state tlie 
partial pressure's under which llu'ir ('xpennu'iits w'e're* conducted make's 
dillieull an_\ comparison bi'twec'U th(' determinations made It is also 
possible tliat m some eases eepiilibriimi w’as not ri'aehed.® 

The solubility of ealeium earbonati' decK'ases with rise of tempera- 
ture. The follow’inm \ahi<*s hast' been obtained for the solubilitv of 
ealeitc at differeul U'luperaturi's under a jiartial ])iessure of 3 2 x 10 "'* 
atmosphere's^ :• 

Temperature, C. .1 21 23 30 

Mgm. Ca('() , per litre' . <S2 (iO 57 55 

The sohilulity of aramonite' is mreale'r tlian that of eale'ite .*’ in ae'cord- 
anee wath the meneral relationship betwe'en stable' and unstable foims. 
The; ratio eif ‘solubilities has an averame \alue of 1 07.® but there' is a 
tenelene'V for this to deeie'ase as the temperature' falls. whieJi summests 
that aragonite' beeemies the stable form at low temperatuies ’ 

A eonveme'iit methoel of expressmm the* sohibihl\ is b\ the* seihibilitv 
product constant, |('a IxICOj"), from which the saturation eoneen- 
tration for any ]uirtial }>ressure of carbon dioxide can thi'ii be 

calculated. Certain assumptions must be made as to the amount of 
free and hydrated carbon dioxide m solution, the demree* of lonisatiem eif 
the different elee*tre)htes, and so on. Value's for ealeitc wdueh are of the' 
same order ol mammtude lane been ealeulated by different autlie)rs and 
are recorded in tlie table on the followuiim pa^e. 

The last value was obtained b> reealeul.diem from tlie data (*f MpCe)\ 
anel Smitli, assummm that only a small part of the dissolved carbon 
dioxide is combined with water, anel that, eonsequently, earbonie* ae'id 
is a stronmer aeiel than has jireviously been sup])osed. 

' .folmston and Wilhniiison,*J Aniri. C/iPin iS’or , 1910, 38 , 976 See labk' on p 111. 

- McOuy and Smith, ibid , 1911, 33 , 408 See llicai bonate. 

® St’O ftir oxaniple, l..jiil)avin, J liiinfl. Phys Chem Hoc., 1892, 24 , 389 , HolJetnan, 
Ztitsch. phi/sdnl Chcni , 1893, 12 , 12.') , Kohlrimsch and Ruse, ibid., 1893, 12 , 234 , Tread- 
well and liuuti'r, Zat^ch aiioig. Chem., 1898, 17 , 170, Sevier and Lloyd, Tma.'- Chem, 
Soc., 1909, 95 , 1317 

* Wells, J. Wank Arad. Hti., 1015. 5 , 017. 

'• Kuhliausch and Rose, loc. ut 

« Kendall,* TAd May , 1912, [ 01 , 23 , 958 

’ See p. 108 
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Temp., 

“C. 

Srtl. prod. 

Authority. 

IG 

2‘8bxI0'» 

llodlander, Zeiisvh. phti.\ika{. i'hem., 1990, 35, 

25 

0 8 xlO-9 

McCoy and Smith, J. Amrr. Vlu'm. Soc.. 1911, 



33,‘bG8. 

16 

9 8 xi(r" 

.lohnston, ./. Amer. Chem. Soc , 1915, 37, 2001 . 

25 

7 10.' 10“® 

Sevier and Llovd. Trans. Chem. Sue.. 1917, 



ill, 90b. 

25 

7 2b; K)-® 

Osaka, J. Tokjfo Chem. Soe., 1020, 41, 


Johnston 's fonnula Tor tho relation lict\Mrn tlx* solubility product 
ol’ calcium carbonate and the partial pressure ofcarlion dio.xidi* is, 


Nvlicrc “ n ” is tlie proportion of total <’arhon dioxide in the soliilioii an 
carbonic acid. ir. 2 C() 3 , “ r ” is the ratio k/ka. that is the ratio 

' I II, CO, I / 'furo/r' 

“ K is the solubility product constant, and “ cP ’* is tlio molar (‘on- 
centration of tlic dissolved gas, “ P " bcin^^ the partial pressure expressed 

ill atniosjiheres, and e--"—- where “a’’ is the absorption eoeflieieut of 
22 b ^ 

carbon dio.xide. ^ 

I'sui^; Wells’ data, Joliiiston and Williamson also calculated the solii- 
Inhty iirodiicl for ddferent temjjcratiircs ' : 

Temp., 0 5 10 15 20 25 80 

KxiO" . 12'2 11b 10 fi 01) 03 sr 81 


The changes of solubility caused by slight variations in the carbon 
dioxide content of the atmosphere are of great importance geologically, 
for many natural waters arc saturated with calcium carlK)natc, ami 
alternate solution and deposition may bring about the transfereiiec of 
large quantities of it. The presence of other salts has also an important 
intluencc on the solubility. Ammonium salts, probably through tlie 
formation of a eomjilex eaicium-anmionium ion, can increase it to a 
eonsideralile extent.^ The solubility is, in general, increased by tlie 
presence of chlorides, nitrates, and sulphates, Imt decreased by alkali 
carbonates and alkaline earth salts. It is also increased in water con- 
taining hunius, especially when alkali salts are also jiresent.® In 

^ Johnston and VViUiamBon, J. Arner. Che,m. 8oc., 1910, 38, 97fl. 

‘ Drecbsel, J, prakt, Chern,, 1877, [2}, 16, 169; Rindoll, Zeiluch. phynkal, Chetn., 

‘ 1910, 70, 462 ; Watynaki and Kouropatwinska, J. Chim. pkya., 1910, 14, .328 ; BdekatrOm, 

' Zfiitsch. phyaikal Chem., 1921, 97, 179. 

* Cameron and Seidell, J. Fhyxical Chem,, 1902, 6, 60 ; (lothe, Chem. Zeit , 1916, 39, 
303, 326. 

yoL. in, : I. • 
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(‘Iiloridc soliitjons (Ik* sr»]iil)ilit\ passes throii^rh a niaviniuiu.^ Calcniiii 
(■arl)()iuit(“ IS s(>Iiif)l(‘ 111 acids. amIIi evolution of earluni dioxide 

A colloidal solution of ealeuim carbonate can be obtained In passing 
earbon dioxide into a suspension of caleiinn oxide in met In 1 al(‘obol. 
ritiinatily a solid |elly, soluble in methvi aleoliol, is obtained. It is 
miscible with benzene, ehlorolorm, toluene, and ether, but is precipitated 
by acetone and earbon disnlphide.^ 

The Ihfihdlcs 'o/ ('dlvniin Cathonatt’. |{\ exposure ol' ealemm 
saeeharate to the air,“ or to an atmosplK're of earbon dioxide at O' 
or by inp'elina earbon dioxide into an lee-eold snjfar-lime solution 
throui>h a eapilliiry tube,^ (Tvstals of the hexahydrate, CaCO j.ClI^O, 
t'ormerly siipiiosed to be the pentahydrate. are obtained 'I’Ik'n may 
also be prepared bv shm precipitation at 0' In this easi* it is 

ad\ isable to add a little |K)tassium livdroxide, and the jirveipitate should 
be liltiTcd, nashed \Mtli alcohol and ether, and dried b\ suction as 
rapidly as possihh .'* 'riu* hexalu (Irate is thus olitained in colourless 
monoeliiiie crystals, uhieh rapidly pass into ealeite and A\al(T (‘ven 
when k(‘|)t at 0'-' An attenijil has been mad(‘ bv Maekenzu' ^ to 
determine the transition temperature b\ means of the dilatomeli r, and 
it was (bund that below' o V. the hydrat(‘ is tairl\ stable, but that, when 
the ehan^K' has set in, Iow’(Tma tlw' temperature does not stop it Hy 
Ixulin^ with absolute alcohol Pelou'/e obtained a trihvdiate. According 
to dohnston and Ins (‘o-w'orkers only the hexahvdrate exists, but 
Tsehirw’insky described two mineral forms, trihydroealeit(‘, Pat’O, 
and pontahydroealeite, (’a(’(),, 

Double Salts, 'riu* best known, and most widely distnbuti'd, 
naturally oeeiirnn^r double carbonate of ealeium is dolomite, or hitter 
spai, which may eoutain varMiij* ])ro])orlious ol ealemm to maunesium, 
and IS. tluTefore, to be re^uirded as a .solid solution rather than as a 
eom])ound.1|| It forms yellow or wliite, massi\e. er\slalline ayi'rejrjites 
of di'iisity 2 S 2 O.'i, It is harder than lmu‘stou(‘, and less easily soluble 
in acids, it is sometimes us('d for buildiiui-stoiie. On heatiiu; to 4(M) (' 
it becomes eapabh' of seltiii*; with water like cement.'' Dolomite may 
be formed artificially by the action of ammonium carbonate on ealeium 
and magnesium chlorides m an atmospluTe of earbon dioxide.'*’ Plumbo- 
ealeite has already been mentioned. 

Hy the action of sodium carbonate solution on ealeium hvdroxuk', 
piissoaite, Xa2Ca(('();,)2.2ll20, gai/Ju.ssite. Na2C’a((''0.,)2..'iir20, or tlu* 
anhydrous salt, Xa ,C'a{('0 5)3, may be fornu'd, depending on the eondi- 

' (’luiK'ion and Rnbinson, ./ Pki/,\icftJ ('hem , 11)07, ii, 'ul 

^ and Rmvald, Sitzvmjsbei K Akad. II Htibn, 1907. ^20 , Jim ham 

Zeilsrh , 190S, 9, .7:17 

' lVl(>ii/(', Infl ('him /'Av? , 1S31, |2|, 48, ,'IUl ; , 1805. 60, 421) , Recqiu'id, 

Ann ('him, i'luf'i , 1S.}1, [2|. 47, a, Siilin-irointtnar, Aiinnleii, 18:1.7, 16, 193, RarnimdH- 
bi'rg, lin., 1871, 4, .709 

‘ M.icken/ie, Tiann ('hehi Sue, 1923, 123, 2409 

' IVlou/e. (Jam pi. rend, l.S0,7, 60, 420; Ruth, ./ ptiikt Vhem , 180.7, llj, 65, 2.73. 
Wlti'r. Zeit.\ch. Kiy.a M%n , 1911. 48, .7.7 

" .luhnstun, IVtorwin, and Williamson, Amer .7. .SVi,, 1910, [4], 41, 473 

■ TiX’liirwinsky, ZutJirh, KiyM ,17»h., 1909, 46, 302 

* Spangonberg, ibid , 1913, 52, 529, but .spo Mit^-holl, Tnum. Cham ^oc., 1923, 123, 
10,75 

“ DcvjIU*, Compt rend, 180.7, 6l, 97.7. Jahre.d)er , ISO.7, 798, (Vaco ("alvei t, Compt 
re,nd , 1865, 61, 1108 , Jahiesbei , 186.7, 798. 

Spangonborg, toe. etb 
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tions of tcjuj)eri\t»ir(' and concentration * Tlu’< c double calcmin 
potiissiuMi salts. K^l’.i(t'() ()^. K, 5 ('a(t’() j),, and jk(('(),)'i bll ,(). liavc 
also been obtained- 'Fhe anliwlroiis double salts. Na 2 l'a{('() and 
K A'a(t'().,) 2 , may lie jirepared by fusion 

A (‘ompoiind of eahauin ebloride amIIi (‘aleinni e.irbonali* has been 
desenbed.'* 

By Insin^^ together ealennn an<l lilliinni carbonates in a eiin'eiil (tf 
carbon dio\id('. a eomjioumb piobablv of composition CaCO, ‘JlaA ()„ 
IS formed. It is readih deeompost'd b\ \satei ’* 

Itastc (\ilcium VmhonaU' B\ Iwatmti (fincLIimc m carbon dioside 
BaouM obtained t wo comjioimds, to wIik'Ii be <ia\etlie ibimnia ‘JC.iO {'O.^ 
and .'U'aO ‘-H'Oo. and ])ossibl\ also (be compoimds K'aO .‘U Oj ami 
aC'aO 'I'be (wo lormer arc b\draled and set like enmnt w bi n 
treated w it b water, mi\ inj> ( aCO j ('a(01I and 2 ( aCO i ('a{()ll ) , '' 'I’lie 
vapour pnssiiH' curve of I'aleium carbonate al biifb t<‘mp<‘ralun‘s, Imw- 
('V'l'r, bardiv lav ours Ibe view tbal a b.isic eailxmate iiiav lx loimed, 
nor V (i tbal soImI solutions of o\id<‘ m carbmiali' aie possible ’ 

'I'be ebiel use of ealeiuin eai Inmate is lor tin pimbielioii ol 
(piiekliiiu' It can also be iiseil wbmever a ebeap mild alkali is 
re(|uir('d 

Calcium carbonate, as well as lime, lias a licmlieial action on Ibe 
soil apart fiom Ibi’ neuliabsation of Ibe soil acids It is more siiiluble 
for I he 1 miller soils but can also increase to some extent Ibe perinea bi lit v 
of lu'avv soils It incieasi-s the av ailabilit v o| nilro^eii.'" 

Calcium Bicarbonate. Vs bas aheadv been secnironi McCov and 
Smiths dctermuialions of ibe solubibtv ol (alemm carbonate, ealcnmi 
liv drop’ll carbonate as a solid phase onlv becomes stable mub r .1 
jiressure of about la atmospbeies It is evidenl. tbercfori', tbal iindi'r 
ordmarv eomblions il must be a verv unstable compound ’’ 

Hv pri'cipilatiim calcium cbloiide v»ilb potassium, ofi^pK'fcrablv . 
aiiuuomum bicailxuiatc at C . blterm.n. wasluim ''ilb ic(--cold water 
satur.ited with carixm dioxide .uul lln n with lee cold .aleoliol and ( llier, 
and diviim id 0 C . a eompomid is loinicd ol composition eorrcsjioiubim 
to the formula CaCO, 1 T.'^IIjCOj 'I'be bin white ))o\vder lust olvtamed 

' Moiisaiit'.iiill, /V/y \nuitUii, ls2»>, 7 , !t7 . \\ < i;m lii‘nl>‘i and U.illei, , 

iai)7, 28 , (iltll , V\ (‘•'S 4 li( idol, Aniitilfii, It>n7, 31 ^ 1 , s7 , HuKilili, ./ pndl ('him , 1907, 
|2|. 75 , .75(1, l'iit/-.f lie, ihiil . l.Slit, |i| 93 , .1119 , H.IIIO, ('ompt iciifl , 1912, 15 /J, 279, 
I'odiilioN . Znl^cli iiiioiif Chi'iii , lull 82 , 211 .Sec ,dsii Kioin.iiiii, Ipiiln 0 / 
riii/\irii-( 'III mil 111 77a«;// (( 'i)n'l.il)|c \ Co Ltd ), liiii'.latid li\ I'rai'-, 191*1 

“ IliiNi'lili, Zinti, 1907,1, 11.18, Ikiiio, / t;r u! . Il.ill.i .ind .Miilvlii 1 |oa I'lm 

('him Sill , 191.*}, 29 , 185 

’ L(' I'hntolior, h ml , 1.894, 118 , 111 \i 2 i:li, /,n(>’h umini ('him. |9|9, 106 , 

1*20 

‘ I‘’rit/,sclio, ./ /naU ('him , IHii] | 1 |, 83 , 21*1 
'■ I.cIhmii, inn (him /Vo/v , 190.5, | 8 |, 6 , 1*17 
'' llaoult, Comjil n ml , 1881 , 92 , Lsll, N.57 
' Soo [) l()!> Cnnll.Ht lliii’iiiii) l’< r.)\idi- 
“ Si'c |). l;5(l t • 

'* KngfU, hitndw Vn 'imln-'ifal , VM4. 83 , 108 m*c ./ ('him Siu- , HIM, 106 , ALm i. 
408 

llrowii, Cinl) Hak! Pm . 1912, 11 , 34 , NS -cm J ('him Sm , 1912, 102 , Abs, 11 , 
(170, Lominet matin and Frascniii''. Hud. Zinh . 1912, 4 I, 0 (m; hm ./ Chnn Sac , 1912, I 02 , 
Abs. 11 , I2U(), I’ottci and Snydur, Sod Sufuri, 1910, I, 7o. 'oc J (’him .Vw , 1910, Iio, 
.^bs I. 459. Ulair and McLimii. Soil Sunui’, 1910, i, 489, .m-c ./, Chan Sor , 1910, Iio, 
AbH 1 , .590. 

*' KeistT and Lt'a\ill., ./ Aiiii‘i ('/inn Sor, 1908, 30 , 1711 , Kfis^nr ami .M( Ma^ti-r, 
ibid., 1714 



''' rapidly becomes pasty and evolves a considerable quantity of gas if the 
temperature is allowed to nsc.^ 

If a solution of calcium bicarbonate ^^llich is just neutral to phenol- 
[ilitlialem is analysed, its com|)ositioii corresponds to the formula 
(’aCO j.l but this is not necessarily any indication of the com- 

position of the bicarbonate. 

It is th(‘ presence of the acid carbonate of calcium which is the 
main cause of the temporary hardness of water. 

(lalcium Trithiocarbonate.- Jly the action of carbon disulphide 
on cidcmm hydrosuljihidc only double compounds of calcium trithio- 
carbonatc and calcium hydroxide can be obtained, and not the simple 
salt.'* From acpicoiis solutions reddish-yellow' needles of the composition 
;}(’a(()II)2 C’aC'S , hllgd se]mrate. and from alcoholic solutions similar 
needles corrcsjxmding with the formula Ca(0ir)2.C'aCS3.2l-l20. On 
acidify ing a solution of cithci compound, onc-third of the sulphur is 
c\olvcd as snljihurcticd hydrogen. Sulphur dissolves in the solution, 
forming a solution of pcrthiocarbonate. 

Calcium Pcrthiocarbonate. If a stream of hydrogen saturated 
with carbon disnlpbide va])oiu‘ be passed through an aqueous solution 
of calcium polysnlplmlc, and the solution evaporated in vacuo, dark red 
needles of <'()mp()siti()n CaC’Sj.2(’a(0ir)2.8ir20 are dc])ositcd.‘‘ 

W hen al<‘oholic solutions arc employed, addition of ether precipitates 
oils yvliich take a long time to crystalh.se. These contain perthio- 
carhoiiate and also a large and varying amount of calcium thiosiiljihatc. 
On di ymg in vacuo, or in a current of hydrogen, they decompose, leav mg 
hydrated calcium })olysnl])hidcs. 

Calcium Cyanide, Ca(CN)2, is olitained, in solution only,** hy 
treating calcium hydroxide with a solution of hydrocyaim* ai'id,® or 
by fusing calcium ferrocyamde out of contact with air and extracting 
w'itli watcr,^ Very dilute solutions arc stable, but if concentrated above 
15 per cent, tlicy dccomiiosi* rapidly, evolving ammonia and liydro- 
cyaiiic acid and precipitating lime. Owing to the hydrolysis of the 
eyanido, the solution has an alkaline reaction and a large partial pressure 
of hydrocyanic acid. Even .so weak an acid as carbonic acid decom- 
poses the cyanide, liberating hydrocyanic acid. 

A double calcium cuprous cyanide, CaC'u(CN)3.4ll20, in prismatic 
needles,** and two calcium mercury salts, CaHg2(CN)o.3ll20 (and 
SHjO), in colourless hygro,sr*oj)ie needles, and Ca2ng.){CN)i„.Cll20, 
in Icallcts,® have been (leseribed. There are also two calcium man- 
ganocyanides, Ca2Mn(rN)fl and CaMn2(CN)3, a maiiganicyanidc, 
Fa33Iii2(CN)i2,^" a crystalline double calcium silver cyanide, and an 

' Kpiaor and Jieavitt, toe ctl. 

Koiaer and McMaator, toe. cU 

® Yeoman, Trans. Chem. Soc , 1921, 119, 47. Soe aloo Sestmi, Oazzelta, 1871, I, 473 ; 
Walkor, Chem. Nem, 1874, 30, 28 ; Veley, Trans. Chem. Soc., 1886, 47, 478 , U’Donoghue 
and Kalian, ibid , 1006, 89, ,'812 , BorzoUne, Pogg. Annalen, 1820, 6, 444 

• Yeoman, loc cit. 

^ But see Basset and Gormam, French Patent, 324232(1902); J. Soc, Chem. Ind., 
1903 22 664. 

• .Toannis, Ann. Chim. Phys., 1882, [6], 26, 482, 

» Schulz, J. prakt. Chem., 1800, [1], 68, 257. 

" Grossmanu and von der Forst, Zeitsch. anorg. Chem., 1905, 43, 94. 

• Grossmann and von der Forst, Ber., 1904, 37, 4141. 

Katon and Fittig, AnnaUn, 1868, 145, 167 ; Deacamiw, Ann. Chim Phys,, 1881, [6 1, 
24, 178. For calcium platinooyanide, and ferro- and ferri-cyanides, sec VoL IX. of this 
series, Parts I. and II. , 
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uncrystallisable calcium zinc cyanide. A compound, Hg(CN ) 2 .Ca(L’\ ),y 
Hgl,. 711,0, is apparently immediately formed in solution on nuviti^j 
mercuric evatude and ealeium iodide. The ht'at of formation is lfl-5 
Cal.» 

Calcium Oxycyanide, Ca(CN)2.3Ca0.15H20, can lu* olitnim'd 
by e\aporatin" a solution of ealeium cyanide in xacuo over siilplinnc 
aeid. The undissolvTd portion left when hulroeyainc acid is allowed 
to act upon an excess of milk of lime is the same product, ll ci\ stalhses 
in .small needles which are decomposed by water and alcohol.' 

At atmospiienc temperature j^aseous hvdroe\amc acid icacls 
with solid ealeium hydroxide, produeiufj the compound ;K'a(()ll),. 

Calcium Cyanamide, CaCNj. In after .Moiss.m's and 

Willson’s discovery made practicable the prejiaration of carbides on a 
commcreial scale, Frank and Caro attemjited the livation of almosplu Mc 
nitro^fcn by laatiiifr alkali or alkaline eaith carbides to a sullii’ient 1) 
high teni])eratnre in free nitrogen. It was found thab whereas the 
alkalies gave CNamdc, the barium comjioimd contained a large pioportion 
of eyaiiamide, and calcium foimed cvanamide onlv. between 1101)' 
and 1200“ The discovery that calcium evanairudc could Ix' used in 
agricultuic as a nitrogenous fertiliser resulted in the rapid devclojmu nt 
of the eyananiide industry which began at Odda m lOOS.'’’ 

Calcium carbide is used as the raw material instead of lime and 
coke because the temperature required for the iormation of the carbide, 
whieli apjH'ars to be iieiTSsarily an mtermediate product, is abovi' Hie 
decomposition temperature of the eyaiiamide.'* 

The carbide is ernsliod to a line powdiT, siev'cd, and paekeil in 
perforated steel retorts previously lined with corrugated paper, TJiesi* 
are transferred to heat-msulated ovi'iis lined with lire-bnek and lilted 
with a carbon rod tlirongh the eentie. The latter heats the furnace bv 
the resistance it offers to an electric alternating current passed through it . 
When tlie necessary temperature is leaeJicd in the neighbourhood of the 
earljon rod, ])iue dry nitiogen is pas.sed in and absorption begins m 
aeeordaiiee with the equation - 

(aCj+Nj-- (at’Ng + C. 

As the reaction is exothermic, the mass rapidly becomes meaiidcsecnl, 
and an average temperature of 1 100“ -1200° ('. is majiitained until 
absorption is complete, but it must not be allowed to rise above about 
1300°-1 -iOO® C., or the process woll be reversed.'^ The deeompo.sitiori 

’ Vaiot, VoinpL rend., 1895, I2I, 499. 

- Joannis, loc. cit, 

^ PiiKiiiss, Chem. ZciL, 1922, 46, 347. 

* (Set* ('aii'iuiii Carbidf 

' Frank, Zeitsch angew. Chan, 1903, 16, 5.30; ItKlO, 19. 835 , J hSor. Ckeiti. Ind., 
1908, 27, 1093 ; Trans Faraday Hoc., 1908, 4, 99, C’aro, Chem. Trade J , 1909, 44, 021 ; 
Zettsch. angew. Chem, 1909, 22, 1178; Krlwein, Zalsch Ekklrockem., 1906, 12, 651; 
see also Eng\neeT\ng, 1914, 98, 207. 

• Rudolli, ZeUsrh. amrg Chem., 1907, 54, 170 ; Kuhhng, Her , 1907, 40, 310 , but foe 
Frlwein, Zeitsch. angew. Chem., 1903, 16, 633; J Soc. Chem. Ind , 1903, 22, 794; ('vanid- 
tlcscllschaft, Berlin, Ilnglish Patent, 10298 (1902;, J Hoc Chem. Ind , 1903, 22, 534, 
U.S. Patent, 757183 (1904), ibid., 1904, 23, 489; Bonningtuu and Akens, Ainoncan 
Patent, 1021446 (1912), from Koliler, i)w IndaMrie dir ('ifanrerbindungen (Hj annu li woig), 
^1914, p. 115. 

7 Matignon, Ann. Chtm Phyn , 1906, [8], 14, .31 : Le Blanc and KHchmann, Zatneh, 
.EkkifocAem., 1911, 17* 20. 
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t(‘ni|K ratiiif \aiKs with tho purity of tlu* oarhide and tia* pressure of 
lutnjj'cn ' 

'I’lie f)iO((*ss ma\ he inad(' eitlier eontiiiuoiis or diseouliuuous. Tlie 
Jiitrojieii IS obtained by the baidioiial distillation of lupiid air or by 
passing an over healed eo])per. Ileal may also be apjilied to the fiiinaci* 
l)\ a ^as llani('.“ 

'I'lie cold piodnel, eontaininj* about ‘JO |)ei cent, of uiIio^mmi, ha'* a 
daik f^rev eoloni owin^r to the separated carbon. It is eiushed, f^ionnd, 
and s|)ra\'e(l witli a small (piantit\ of \\aler to <leeoinpose any uneliani>(‘d 
eaibide and slakf* an\ he(‘ hnu' Finalh , it is ini\ed with a little niinei.il 
oil to i( ndei it <liistl(‘ss It is stated th.it sunar oi siniil.ir solutions, 
d('n\ed Jioni molasses or cellulose manulaetnie, ‘an bett(‘i than mineral 
oil foi this purpose, as the\ <‘ombm(' with him' to Ibim snerales for 
< \iunple, whieli aet as a binding a|^enl loi lh(‘ dust and aid the action 
of the I'eililisi i b\ t lu' d<‘\ elopment of bai'leria.' 

The total \earl\ piodiietion m lOl.'J was l.">0,000 l(i0,00() metric 
Ions, blit III IttlS it had re.u lu'd nearh S00,000 metrie tons 

'I'lieie aie si\'eral tiade names loi ealemm evaiiamidi' mdieatm^ 
piodiiets ol'sh^hlb' \ar\mt» eom|)osit ion . 

l.nnc is the eriuK- ealemm e\anami(l(' siinpK nioiind to .1 

line powder al'ler iemo\ al fioin the <i\ eii. It eonlams about .).■> pel eeni 
ealemm eNanamide, ‘J pin eenl. ealemm carbide, and about *J0 jk i cent 
lii't' lime. 

('ifdnannd is tla* tiade name Ibi the eompletels h\drated mabiial 
prepared for use as a feitihser m the I’nited Stales, America. Il 
contains about tH pel cent, ealemm ev.inamidi', ‘27 jici e< nt ealemm 
li> droxide, .md no carbide. 

\tiK)luii or inhointn is the tiade nanu* for th(‘ maleri.d sold m 
Kii^Iaiul for ayi leiill iiial pm poses It is lime nit lo^en with just enough 
watei to destioy Ihe eaibide, but |iraetie.ill> all the fii'e lime is present 
as ealemm oxide. 

thetierman eommerei.il piodu<*t, is similar to nitrolim. 

SiH'h'.stolf hdlh was foimerly tin* crude eahauni e\anamid(‘ made at 
VVestere^oln by iiitrifMii^ ealemm carbide eontainmj^ about 10 jier cent, 
of ealemm chloride, aeeordm^f to l*olzenius//s process,* when'bx the 
temperature of reaction is loweied.' Its maiiufaeture was diseon- 
liiuied III 1010. 

i'alaocunianiKh' is the eareliilK hulrated Italian eommeieial product. 

CyaiKinndc dr Cdlrium is the I’oriespondm^ French product.-'* 

' N-i- ]i I I'.i 

** Allnuind iiiitl \\ illiaiiiN. .y *S'f>r ('him Itnl , lUltl, 38 , :tU4l{ 

'* ('aio gi\ 0 '' an accdiiul ot a \.UU‘I\ ot luetiuHl^ simgchtod f«»i n'naivinjf ctmslnitx and 
dust, (Virai '/jid , l'j2n, 4 .J, .lit, Stul/oi, (.I'liii.m id, 220:UU. ms {.'hem Tnh lUp., 
1910, 34 , ri27 , Stut/.ci- .dM» the- adtlition »>t calcium mtiate and juiliid tiision 

b\ licatin}! the mixture to SO' (', (ictm.ui I’.itent, 242104, ('hem. Tech Hep, 1912, 36 , 
nSl, a.s well as the addition ol inoi^anie colloids, (iciman I’dtciit, 242.^)22, ihid , 1912, 
36 , 57 

* L*ol/cnius/. (leimim O.iteid. lOlltlJO ( 1901) . ('hnii Zed, 1907, 31, ViK 

' l‘'(U tuilhi'i details ot niHnufaetiiie, etc , see I’oinkc, Ci/aii(imtd (Williams & Noii'.itc), 
19i;i, I’niifi:, Thr KUitnc Fuinan ( l.iin^iiians, (Jieen Co.), 1921, p Oil, Maitm, 
IndueUnd <'/umit<liit. hioKjaiur (Cio«il>\ l.ockivood & Sun), 1917, aoI 1, ]*, 47.'> , Tlioipe, 
DiChotiitnj of Applied r/K aiw/u/ (Longman", Hi cen & Co ), 1912, ^ol 111 , p 7U1 , \\ illiams, 
('yanogni Coi/ijai iom/s (Cluin lull), 191.7, p 2(14, ‘ Calcium Ciuhide and Nitrogen Tru- 
diiotfl,” Fmjiurfruiif. 1914, 98 , 2»)7, 294, :i.7l, lOfi, 4().7 . Knox, Fiwtwn of Atiiumphenc 
Nitrogen (Huinoy & JaiLsun), 1914, p 89 ' 
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The effect of tlie presence of \ arions o\y^en-free salts on the letnpera- 
ture of nitrojien absorption has been studied 1)\ several invest i^nit oi s ^ 
Calcium chloride, \shieh lias a lower nieHin<»-poinl than ealeiuni llnonde, 
is more (‘ffeelive m reduem»r the tempeiatme of the reaction ami thus 
aeecleratin<f it,- but a hunt is leaehed Sulphides, wliieli h.i\e a hiffli 
nicltinj»-poiiit, are without inllueiKc.’ Potassium earbonale aeei lcMtes 
the reaction, the ojitmiuin concent rat urn at !)()()’ C. bciifj* I pci cent.' 
In pfciKTal, bromides and iodide's eausc ,i j![rcal<‘r acea'K'iaf ion tlian 
chlorides. Metals of low atomic w('i<;ht ha\e a fiii'.ite'i* inlluenec' Ilian 
those ol hifflier m I la* sanu' |ieriodic <jronp."* Hicdiii leifaidcd the 
aeecleratiiijLr action .is simplv <lui' to partial fusion b\ which tlu' pio- 
teetne eoatm^f of caleiiini evanamidi' is iciuowd. and the nncliimj;«‘d 
carbide exposed to the action of the nitroi^en. This seems ]»l.iiisiblc, 
but Pol/.cniusz siinirrstc'd that, with added calcium salts, llicic' is 
interiiH'diate loimation of calcium iiitrnh' l>v tlu' aclion of nilroccn on 
the ions of llu' added s.dt dissoci.itcd in tlw' liiscd niixliin'.'* 

In coiincetion with tlu* inlliiciicc of fortii,m salts on the ratco) absor|)- 
lion, it IS mleri'slin^', to note that Moissan could obscixc no icaction 
between nilio^u’ii and jmik ('aleniin caibidc, at Ic.ist U)) to 1200 ( '’ 
Caleium eyananiKh' iiiav also be obtained b\ fnsnii* eah'iiini c\ an.itc,’ 
in b\ Insinc cvanainidi', CN..\(L. or mca,'' with lime It foims colour- 
less er\ stals w Inch subliiiR .it 10.10 (’ at atmospheric jircssme '* 

The nioleeul.ir lie.it of formation of calcium evanamide fioni eaibide 
(limmishcs with iiUTcasm^f tcnipcr.il iik*. as is sce'ii fioiii the follow iiii; 
tabled'. - 

Temjieiaturc, n' . . 1100 1200 MOO I tOO 

Heat of format ion III Cal 0.‘t !) 27 0 18-8 l.')2 

Tlu heat o( (oimalion fioni its elements is Of 820 Cal if anior|)hous 
carbon be emplovcd, oi, if this be leplacid bv diamond. !U 180 ( ,d '' 

As Iheie .lie foui jihases pieseni, three solid .ind oiu' {faseoiis. and 
threi' components, the s\st('iii is moiio\aiiant, and lor c\crv lcm|)eratnie 
there should be a delmilc dissoi'iatioii piessiiic of nlllo^^cn,“ The 
follow in^f \ allies ha\e been found expciimenlallv 

Teniperatine, C. 10.>a lilt 1100 1223 1278 M08 1878 1118 

Pressuie, cm. mei- 

eury . .28 08 12-.') 221 27 8 28 8 87 8 H- I 

' Kulilmu, /fx. < i/ 

“ Ciulscn, ('hem Zul , 30, i2i»l , Kocislci .uni Xi-ihili KUUiochtm , 

1907, 13, lot , 1909, 15, 820, .sec al'o JtudtiKi, '/jul'-rh aiuin/ ('knn , 1!)07, 54, 170 
’ J^ul'/cinu'./,, aiii/H Znl , 1907, 31, 9.')8 

* l’(dlac-ci, Zcii^ch hh-llntelinn . 1908, 14, 

’ itu'dig, Fnicnlvol, .uid Wilke, ihid , 1907, 13, 09, Ml.l 
“ Moirtsaii, Coinpt tend, 1894, II8, .'>01 
^ Drcehsel, J. prak! ('horn , 1877, [2|, 16, 200 • 

* KainejAind, ./ VvU Eiuj Tokyo Imp L'/nv, 1920, 10, 173, 209. 249. '><■<' ■/ -W 
Ckcm Ind , 1920, 39, S18.\, and Vhem Ah -' , 1921, 15, lllU 

* do Kay Thoiiipsnn and Lombard, Mfl Chf/n Kng , 1910, 8, 082; Khilidi, Ztilirh 
EUktrocheni., 1922, 28, .729, gives tlio flublimatum tcniperdtuic of tlu jjun' r-oniijmmd an 

owe 

de Kay Thompsuii anti Loinbaid, lor, cit , ni'e iils(» Doleli, ZiUtrh Kh’kUoih m , 1!>20, 
26, 455 Klirlieli gives the heat cf the reaetiuii <Wj l'id'N^-l-(’ a*. 01 4 C.il 

*' lo Olanc and Eschmiinn legnrded the syMU-rn as divanant, Zeit-*rh KtrUtoi-hrm , 
1911, 17, 20; seo alau Ehilidi, tdid . 1922. 28, 529 

'* do Kay Thtjin^isoii and Lombard, Mel. Vhfm. £«</., 1910, 8, 017, 082 
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Kamcyama found that the temperature at which the dissociation 
pressure of nitrogen is one atmosphere is 1754° if the carbon he 
present as graphite, or IfJtM)" ('. for amorphous carbon.* 

The iiigher the pressure is raised above the dissociation pressure for 
any one tem])crature, the more readily will the formation of eyanamide 
take ])laee at that temperature, but Pollaeei found that a limit is reached 
at two atmospheres.^ 

Oxygen reacts with ealeium eyanamide at 420°- 150° (’. with tlie 
formation of ealeium carbonate and nitrogen. BcIoav 1070° 0. carbon 
dioxidf' gues calcium carbonate or calcium oxide according to tem- 
perature, and nitrogen, ^^}ulst above 1110° C. the separation of carbon 
takes place owing to the aetion of the carbon monoxide produci'd. 
('a('N^ i('()---CaO-f 2 r-|-N 2 . 

Carbon monoxide alone (xerts no aetion on calemm evanamide up to 
lOOtr ( .3 

(alemni eynnaniide is insoluble in alcohol but easily soluble m 
water, about 2-5, grm. <lissol\e m 100 e e. of water at 25° C. It is hydro- 
lysed l)y wal(T, forming the acid salt Cu'CN.NlI),. A basic salt. 
(C'a()ll). 2 ('N\.()n 20 , has also been separated from solutions containing 
excess of lime,'* and by passing carbon dioxide into a solution of ealemm 
eyanamide a compound, C'a(C’N.N.('() 2 ). 51120. is olitamed.** 

Two strnetmal formnhe ha\e been given for ealeium eyanamide, 
one representing it as llu' enleinm salt of eyanamide, (’a - X V.^N, and 

N 

th(' otlu'r as the ealeium salt of di-imide,(’ '' Ca. ’ 

^n/ 

Uses. - A crude eyamde mixture known as “ surrogate," to lie used 
for tlie extraction of nutals from their ores, can lie obtained b\ heating 
the eommereial ealeium evanamide, which contains carbon, with sodium 
chloride,** 

CaC'Xa I ‘2NaC I-CaCl2’+2NaCN, 
or, better still, with sodium carbonate, because the process is not 
reversilile.’ Calcium eyaiiamuh' may also be applied directly to the 
extraction of ores.® 

Calcium eyauaimde forms an intermediate ])roduet in one of the 
metliods of tixmg atmospheric nitrogen. By treating witli sujier- 
heated steam, ammonia is obtained® — 

t'aCNj ^angO^-CaCOs+'iNHa. 

It may also be used as the starting-point for the preparation of a 
number of organic compounds. By the aetion of water and carbon 

* Kinney aina, he. cii. 

• Pollaeei, ZeitKch. Ekklrothem., 1908, 14, 565. 

* Kamoyaina, loc. cit. ; see aUo Caro, Zettech. atuftiv. ('hevt , 1910, 23, 2405 

* Moyer, J, prakt, Chem., 1878, [2], 18, 419 ; see also Milo, Ghem Zentr , 1911, 11, 1666. 

Caro, Zeitsch. anorg, Chetn., 1909, 22, 1178 

“ Krlwoui, oth Inter. Von^ Appl. Ghem, 1903. 

’’ Caro, Itk Inter Cong. Appl. Chen., 1909; Zeitsch. angeic. Ghem., 1909, 32, 1178 

• Clancy, Met. Chem. Eng., 1910, 8, 608, 623; 1911, 9, 21, 63, 123; U.S Patents, 
W6043, 976044, 976046 (1910), 1010347 (1911); J. Eoc Chem, Ind , 1910, 29, 1459; 
1912, 31, 32. 

• SuUer, Zetisch. angeu\ Chem., 1912, 25, 1268 ; Munuelli, Anmili Chtm Appl, 1914, i, 
388, see J. Ghem. Soc,, 1914, 106, Abs. 1, 812; Cyanul-CesoUschaft, Zeikch. angew. 
7A«w., 1903, 16 , 620. 
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dioxide in the cold, cyanamidc is formed,^ and by cxlraclnifj with hot 
water, dicyano-dianude, (II^XC'X),, is obtained. TJie latter is used 
in the production of certain or<»anic d\e.s and for rcdnein^; tla* tempera- 
ture of combustion of expIosi\cs. Hy suitable treatment witli (liliile 
acids and a catalyst, urea, guanidme, and mtro-^uanidine mav be 
obtained . 2 

Calcium eyananude also forms one of the conslituenl.s*ol tiu' pre- 
paration “Ferrodur” used for (“ase-hard(‘nin^ and tempermi*: iron 
and steel. 

Perhaps the most impoitant us(‘ o( nitiolime is as a fertiliser, but the 
fact that it may do sciioiis harm if nnpropeily used has eaus<-d it to fall 
into disfavour to some extent.^ It should 1 k‘ applied to the soil at or 
before the time of sowing, and well (list ributcil m not loolarjica tpiantil v,’ 
and not as a top dressing.'' The nature of t he soil should also he car(‘fiillv 
considered. Xitrolinic and its piodiicls do noi readilv disappear fiom 
clavey or sandy soils, but arc decomposed m pcatv soil." 

Nitrolimc m loo large (jiiantitics is toxic to jdaiils, cspccialK if i( 
coiilains dicyanodiami(lc.’ This eom|>(Mmd is also dcslriw*ti\i to nitri- 
fying organisms, thus ])rcvenling the dccom])oMlK)n of the mtiolmic 
from going furl her tliaii the ammonia stage.” Ilmmis-i-oulainmg soils, 
howc\cr, appaieiitl) absorb di<‘N anodiamidi* to such an cxiciil lhal the 
poisonous action (iisap])cars, and |)rcsumahh the nitrogen hccomcs 
available for plant life.*' Xilrolimc may be us<‘d as a uccd-kilhr if 
scattered on the leaves when wet In the presence of the free lime, 
die va 110(1 lamide is thus ]irodiiced. 

It IS evi(U‘nt that it is important to know the amount of dieyaiio- 
dianiidc |)rcseiit m eommereial ealeium evananiide. Caro and others 
have woik(‘d out metliods of estimation which depi'iid on the fuel that 
eyannmidc is prc'cipitated by a salt of silver m jiieseiiee of excess of 
aminoiiia, whilst silver dieyanodiaimde is soluble, but ma> be pieci- 
])itat('d 111 the filtrate liy the aiidil ion of a solution of potassium hydroxide;. 

Tlie fertilising value of mtrolime nitrog(‘n is somewhat I(‘ss than 
that of cither nitric nitrogen or ammonium nitrogen," but it has the 
advantage' of foniiing a line, dry, nem-hygroseopie powder. 

If used with mixed fertilisers, it is bettor with nitrates than with 
phosphates, which are said to be almost immediately reverted,’- and 


‘ IHpiam, 38, 11, SOH 

* luuiUMuloill and K»ji|jen, J Hoc. Vkcin Imf , 31, 'liSl. 79.’*, K.ippcn, vviPj 

Imnieiidni-ft or Kraus, various patents, ibid., 1912. 31 , I'lpiani, Vhem Zi-itU,, 1909, j, 
1915. 

* Campbell and (low, Ajip. Cheni. 1920, 5, 288 , Httumann, L'hem Zrii., 1920, 

44, 158 yec, however, Jfurker, Br%t. Annoc litp., 1922, 90, 419 

* Muntz and Nottm, (Jotnpt. rend , 1908, 147, ^2 

* Remy, Landw Jahib., 35 , [4], 114, hoo J. Vhm Hoc , 1908, 94, Abs. n, 220 

* RiKsscll, App. Ckem Kejmrtu, 1920, 5, 372, Ora/ia, Chem Zentr , 1908, u, 1090; 

albo Stutzer, Cheiih. Zed , 1912, 36, 1141 , 

^ von Seelhorfit and Muther, ./. Landw , 11H)5, 53 , 329. kpo J. ('hem Hoc , 1900, 90, 
Abs. li, 47 , Reis, Hiochem. Ztilsch., 1910, 25, 477 ; Pfeiffer and Simmerniacher, Landw. 
Vereuchs. SM., 1917, 90, 416, sec J Hoc. Ckem. hid , 1918, 37, f57A. 

" Russell, App Cheni. ReporU^. 1918, 3, 347 ; (Wio, ./. Afjnr H(t , 1919, 9, 113, m o 
./. Chem. Hoc , 1919, n6, Ab^ 1, 370 

* Lioter, Bted, Zentr , 1919, 48, 414, sec CAcm Aha,, 1920, 14, 1727 
Pronko, Cyanamxd ( Williams & Norpatc), 1913, chap, ix 

. o Baessler, Bied. Zentr., 1911, 40, 302, see J. Chem. Hoc, 1911, 100, Alw. n, OoO; 
‘ RusbcU, j. Hoc. Chem. Ind., 1920, 39, oR. 

(r ** Hendrick, J. Sqp. Chem. Ind., 1911, 30, 522. 
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wliich may also raiiso tlio rapid formation of dic-yanodiamido.* This, ^ 
howTM'r, IS contradiftod by Trankc,- and nitrolimc is ajijiarnitly often 
used m cotijimetion with supiM-pliosphates.-' Mixed with nitrates, it 
eheeks their too rapid (leeomposition, increases their aAailahility, and 
seeiiies a more laslm^ and uniform effect.* Tlu' resultm^^ dilution of 
till' evaiiamide is also heiieiieial 

'I’Ik' lirshsta^n* m tlie absorption of mtrolime by tJie soil is (he removal 
of lr(*e lime by the action of carbon dioxide. Hy a complex firoeess, 
uhieh IS \ariously asenbiil to (he afrenev of colloids,'' (erne oxide,'* 
/eolites," or bacteria,*^ urea is produced, and, bv bacterial action, is iilti- 
mateU tiaiisfoimed, liist into ammonium sails, and (inalh 111(0 mlrates'* 
(lulciiim Cyanate, Ca(CNO)2, mav lie prepared in the eleelrie 
furnaei- b\ healing together limestone and carbon, (irst at I.'jOO' (' , then 
a( ‘J.iOO Ill presence of ml logen, and, (inalh , at the Intlm- temperalme 
III a eiiireiil of an. It is oblaimsi in sohdion l>\ passing the vapoiii of 
ejameaeid into milk of lime, bnl cannot be separated by er\stalhsat ion.’’ 

It has been pioposed as a mliogeiious maiiuie.*'’ 

(ailciuni . (h'anurate, Ca| ll.^((>NO) , |o.8H,^0, forms eolonrhss 
n('('dles sparingly soluble m hot \\aler ” 

Calcium Thiocyanate, CafCiNS).^,, mav be prepared s\ nthetieally 
In heating a ‘JO-per-ienl. ammonia solid ion m an anloela\(‘ with carbon 
(lisulphid(' and lime, 

•2NTlj 1 2('So . 2( a(()ll)^ ('a(l’NS)2 i (aSO,. 

Th(‘ snljihuretled hydiogen may be r(‘mo\e<l by carbon dioxide and the 
earbonati' In (iltration.*^ It can also be prepared by the action of 
thioiname acid on ealeinm eai l)onat(‘,'’* or by boding (‘iijiioiis or 
ammoninin Ihioeyanate wdh lime and jiassiiig carbon dioxide through 
the solution (o reimne excess of lime. The sail er\slalhs(‘s fiom 
aipieous solution wdh diHieult>. The lonmila of thi' ervsials is 
C'a((’NS)2.IiH20, and they are \er\ (ielnpieseeid and soluble. 'I’he 
satnraled solution bods at 1 l-.T (’., and has an action on paper similar 
to that }iro(luee(l by eaiislie soda solution.*' 

It foims a series of double salts with the liea\> natal (liio- 
evanates, and witli meienrie evanide it gnes crystals of the compound 

(‘a(('NS)2.2llg(C’N),.Hll20.''^ 

Calcium Selenocyanate has been oblained in crystalline needles."’ 

' llaiKfi, Mil 15)20, 23, OtM 

“ I’liinkr, ihid , 11)20, 23, 1102 
' Apii, ('fie III. Jii fioih, 11)15), 4, .aw 

' Liiiiiin, Ath. U Aicud Litini, 11)14, (.‘•I. 23, 11, Oil) 

’ Ulpiaiii, (lazzettii, 11)10, 40, i, Ol.) , llnwlu'!, Cniti liukl /'<// . 1012, 11, 34, 270, 

./. ('hem iS'ur , 11)1:), 104, Ah' 1, 2lo, LuIiiun, ibid , 101.7, 108, Al)> 1 0,‘)0 

'■ Uias, ISiochem Zetisch , 1010, 25, 400, -177 , Slulm Ki-is, ./ Liindir , 1010, 58, 

1).), SCO J. Cfiem Soc , 1010, 98, Abs u, ,7.)7 , Stul/ci. ('him Zat . 11)12, 36, 1 141 
’ C’owio, ./. Aync. Hci , ll)2o, 10, lii.‘). 

* Kappen, (Jtnh Uakt Jt'ar., 11)00, u, 24, :j.S2, soi* ./ ('hem Sat , 1900, 96, Abs 11, 
S22 , Ma/.e, Vila, ami LoinoiKiir, Coinpl. itiid , 1011), 169, 021 
■ WiUianis, Cyanogen (('hun'liill), 1015, ]> 174 

Fauro, Cumpt mid , 180.), 121, 403 
“ \\ illiiiius, Cyanoyui Com poundti ((.'liun lull), 191.5, p 17H 

lii\)ok, llothoimgton, lluitor, ami Uaschon, Knglish I’utoiit, 214.71 (ISO.I), sco 
./ Soc. Cheiii. hid . 1894, 13, 119.7 

Moitzotuloill, Pogy. Amialen, 1842,56, 70 
** Williaim. Cyunoytii ((’liuichill), 191,7, p 100 

Dockmanii, AnnaJen, 18:17,22, 1.711, ('l('\r. IfiiU Sot chim , 187.7, t2|, 23, 71 
Crookes, J. Chem. Soo , 1852, 4, 10 , 
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( ALCH'M AND SILICON. 

Calcium Silicidc, CaSi^. Tins conipouiul was lirsl ohtjiimd Ly 
Wolilfi, l)y hcaliiij; loncIluM’ a inixlmc of nilcniin <-lil(>n<h', Jiicliillic 
sochuin, and sodniiii lliiosilicatc' oi cn stallisnl silnon ' II m.iv lx- 
])rc‘parc(l l)\ lK‘atm|f to^ctlu'i* in Ilu' (‘lictiic Ininai-f, liinV or (Mlninii 
(■iii’l)()nat(' (piart/. and coal,- lime and silicon,'' (‘alcniin chloiidt ,in<l 
silicon,'^ linic and silicon \Mtli llic adililion o( caicnini lliioiidi oi 
clilondi',’ din-cl conilmial ion of niclallic calcnnn uilli siIkoii.*' 
or, linallN, l)v hcatnin lo^rdlu'i c.d<'niin li\dndc and silicon al !(»)()' 
1010' C. in an atmosphere of hvdio^cn ^ 

Calcinm silicidc' Idims a j^rex cryslallinc ni.iss with a niclallic Inshc, 
tindol'lhc hardness ol cpiart/ Its lual of lornial ion is 2IIS 7 Cal and 
ils densih IS 2 a It is nnallci ted hy h\dM>^a nal icd heal, hnl iiadiK 
attacked 1)\ haloi^^ens. It is slo\\l\ attacked In uatci yninn lali iimi 
li\dio\idc. silica, <ind h\droi»cn With Indiolhioiic acid il lx comes 
incandi s-'i'iil W hen exposed to lh< an il is slo\\|\ o\1dis(«|, loimmi> 
silica and Iiiik‘. CoiiccmiI lalcil In di<x‘hloric ai id k ai'ts w it ii il , oi \ iiii; a 
silicone. Si, II ,0^, hut mill llu* dihiti aci<l, Indroyi ii silicidc is olilamcd, 
wliilsl alkalas piixlncc pun Indioircn.'' 

(loldschmidt pio|X)s(d the use ol a mixtme of c.iicnmi and lalciiim 
silicidc III till imite leactions.*' II calcnnn sihcid<‘ he added to a mollcii 
hath ol non oi steel it acts as a d< oxidising aitent, aiul, owm^ to I he heal 
of the !'( action, as a icheatcr.^" 

Calcium Monosilicido, Ca,Si^. Indic.it ions ol the cxisIcikc of 
anothei silicidc h.ne sc\cial limes heen ohsci\ed " 'I'lic lornnila 
('a,jSi^ has heen asirilxd to a coniponnd ohtaincd h\ hc.dm/^ loL»clhei 
powdeud silicon an<lcalcjnm (ilmi>sin tlx* pro|X'i pro)X)rl ions al 1000 ( .‘' 
It seems |)iohahle, hone\er, that the true coniposit ion is rcpicscnied hv 
t he tormula, ( a^Sij.’ 

This conijxamd encs spontaiu oiisix nillaniniahic silicon In dude 
with dilute mineral aeids. IcaMii" a icsidiie ol hvdiatcd silica With 
eoneeni lated acids t lieie is a slow t \ ohition of iiydro^fcn. Il is ,il la<*kcd 
hv' ammonia, and more readih In hot water tlian hy cold. IL healing' 
with hvdtoecn, piaetiealh |»uie disiheide, mi\(d with ealcimn Indiide, 

' Wotilci. X. Ixli.J, 125, LV*') . \ 2 y,'l'u 

^ (Ic ClialxKil, [nm ('fiiiii ,/ , IS'.Mi, 18, .{IU , .Inoli', Hiil J's'x Ih p tllDi), (>!>') , 
Uiadluv, ('Ih'iH Af/cs, laao, 82, 10* 

Mdi'saii. Coiiijit mid . ISUS. 127, .tSl , Mdi-'an hixI l)jltlx‘\, dud , limj, 134, , 

I XX (Inni /7/V' , U)U2, [/j. 26, 2h'l 

Mewd'', (ii'itaait l’at<-iit UiTlil.'*, ('Inin Zi tilr , IMil.'t. 1, MM 
' I io|(|sr'lijin<lt, ('hem Zi'nt) , MtaS. li, J7J 
“ tloiiieseliimil, Monatdi , IDOSl, 30, 0)7 
^ Weiil.'i 1111(1 Miillci, z/'f/i uimrif ('hem, l!)2l , 120, 4*)^ 

" Moi'.san and Diltlxw, lf» al . Hoim;'>flHXi(J, ht cit 

* ( JuldHcluiiidt, ZritK/i EUkitnihim, IDOS, 14 , imH , hci.- aNo \\ atn and On i kcill idiic, 
J Eoc. ('hem hid , MIOS. 27, 7.V2 , Berger, Compt mid , 1920, 170, 1492, 171, Jl) 

Andeisoii, Eior Malenal, 1921, 4, 01, son ('him ilm , 1921, 15, .UiOa >i'e also 
\ickers, and (III It I/toy. ((*n>sl>\ laiekwond & >oii), 192:i, p 40 

Le (.'liateliei, Hull Sm rhim , 1897, |:1|, 17, 799, Tainaiii, Ztilmh anoKj ('him , 
1909, 62, 81 , see also l\olh, dnd , 1909 64, ‘{42, lint see lioiiiwhmid, ibid , 1910.66, 
414 

'■ ilomgschmid, Munnhh , l!M)9, 30, 197, Ifaekspjll, Hull Hoc <liim , 1908, [IJ, 3, 
019. , 
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is formed. At 1050° C. the monosilicide, in the absence of air, dis- 
sociates into tlic disilicidt' and calcium. 

The density of llie monosilicide, mixed with a little uneonibiiied 
silicon, IS ‘2 ;3-l<G. The licat of formation is 166-3 Cal.‘ 

Calcium Silicalcyanide, Ca(SiAl)2. This compound is regarded 
by llcynolds - as analogous to calcium eyanidi-, silicon taking the place 
of carbon, tyid aluminium of nitrogen.® It may be obtained by the 
action of calcium, in small ])ortions at a time, on a fused mixture of 
silicon and aluminium, .\ftcr cooling, a dark grey mass showing 
brilliant crystalline faces remains. It is readily attacked by solutions 
of sodium and polassium hydroxides and by hydrochloric acid, slowly 
by boiling mlrie acid, and not at all by hot sulphuric acid. Oxygen 
has not much action until the temperature of the oxyhydrogeii Haine 
has been reat-hed, but, if heated to low redness in a stream of moist 
oxygen, (be eonipomid is converted into a white mass of the same 
eoinpositjoii as the mineral anorthite, C’aAIjSijOj,.- 

Calcium Silicates.’ Monocalcium Silicate or Calcium Meta- 
silicate, CaSipj, is found in nature as the mineral u'oll(i.\ionik\ gi'iierally 
111 ealeareous loeks in voleame regions. There is also a double ealemm 
magnesium silicate, diopsidv, (’aSi03.MgSi03,* and a hydrated form, 
plomhiniie, CaS1O3.ll/). Calcium metasilieatc, in addition, takes 
part m the formation of a number of polybasie silieates. It is als(» 
produced during the er\stallisatioii or devitrilieation of certain acid 
slags or of ordinary glass.'’ 

It can be prepared by heating together lime and silica with, or 
without, calcium chloride,’ or a mixture of ealemm and .sodium eliloritles,'' 
or in the wet way by the action of potassium silicate on ealemm aeelate.*’ 
fiiiiie and precipitated silica begin to reael. at 1011° C., but the react ion 
is more vigorous above 1400° Ck’’’ 

'rhe natural compound has not the same optical characters as the 
artiiieial.’’ Both crystallise in the monoclinie system, but the artilieial 
eompoimd is pseudo-liexngonal, and the name pseudo-wollastomte is 
given to It. The two are also distinguished as a- (artificial) and 
/i-nietasilieate. 

Wollastomte is stable below- about 1200° (\,^“and pseudo-wollastomte 
above. The transformation of the former into the latter is easily 
^bserv'cd, but the reverse change is never obtained by sim])lc (>oolmg. 
’ tam substances, however, catalyse the transition from the a- to the 

jirobably by acting as a solvent, for example, excess of ealemm 
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Mr 88 A, 37. 

(1 pcrliap, bo regarded as a ealciiiin alumino-sihcide, especially 111 view 

6 .") SCO Keyuulds consideis that this is unlikely becau.se of the im- 

’’ Cowie J /((('”” silicon to combine with one another. 

» Kavpon C'enlr ^ Silicates (Hermann et Fils), 1914. 

S22 , Mazi, Vila. “J? J. Sa , 1909, [4], 27 , 1. 

* VVlllliitllf'. fS], 29 i 43.3. 

Fauu'. Vompt. jeiw/ ^7» 41. 

” Willmni'i, (Ij/unoijrii L 256 
J* Broclv, HotluMington,''i 
/ iS’oc Chetti' hid , 1894, 13 , H"-* totb. 

' MmUendoilT.’f'tw .‘iHwo/^'hite, and Wiight, Arnei. J. Sa., 1906, (4], 21 , 81). 
Williaiu^^ » 1906, 28 , 1089 ; Allon, ^hit 6 » and Wnght, 

IB liockiiiaim, /I nHfl/pn, 18.37, 227 - 54f 3^6; Day and Sosman, Amer. J. Sci., 

ifl Cr<.olve.s J. Cheiu. Soi., 1862, 4 ,’Jn, ibid , 1919, [4], 48 , 166. 
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appareiitl)' produces no thermal effect.^ 

The density of wollastonite js 2-019,* and of pseudo-Axollaslointe 
2-9M.® Values rangin^( from ISOO'-latO® ('. ha\e been given for the 
tnelting-poinl of pseiido-wollastonite by different in\<'stigators,'* but. 
according to Doclter, these are all too high, due to a lag in the deter- 
minations, and the true value lies between l.‘U0''and 1380" Leilmeier 
also obtained a low value and found that it \aTies with tfie si/e of the 
particles. The melting of tine grams begins at 1350° ('., the whole 
becoming liquid at 1H0° w'hilst eoarse grains begin to melt at 
U20° C.« 

Doclter found a inetastable melting-point for wollasloiiile Ixtween 
1210° and 1320° C.’ 

The inoleeular heal oJ formation of ealemm m<-lasiheal» Irom sihea 
and ealemm oxide is HM Cal.'' Thi- spi-c die lu-at of w'ollastomii- is 
0-178.*" 

By preparation in the wet wav a monohydiate, CaSiOj 11^0, has 
been isolated,** and tin* anhydious .salt aKo hydrati-s whin treated 
witli liim- water for some weeks, but it los(-s its w-atei* of hydration 
on drying at 100° C.*‘^ .\ hydiale, CaSi(),.2 alloO, is mentioned by 
Le f'hatelier.'^ 

A study of the freezing-point curves ot mixtun-s of sodium 
and ealemm nietasilieate.s indicates the existence of two eom- 
jioiinds, 2NaoSi03.3CaSi03 and 3Na2SiOjj.2CaSi03.‘* With barium 
.silicate a compound, 2(’aO.Ba().3Si()2, is formed.'-’* Kreczmg-point 
curves have also been given for mixture.s of ealemm nietasilieate 
willi ealemm lluorido,-* chloride,'* and sulphide,*" and with ferrous,^'' 
magnesium,*’' aluminium,*** manganese,* lithium,^" and titanium sili- 
cates.-** 

Dicalcium Silicate, or Calcium Orthosilicate, 2Ca0.Si0.3 or 
Ca2Si04, does not occur in nature hut is obtained by fusing together 
silica and ealemm oxide m suitable proportions, oi by dissolving 

' Mk-ii, Wliite, and Wright., loc cif 
^ Tuisky, ZeitMck amuj Chem., 1913, 82, 3ir, 

' Kttiun(l6cir, xhd , 1910, 68, 18K 
' (Jinsberg, xbxd , 1908, 59, 340. 

'■ Allen, White, and Wnpht, ht cif , Chattdicr, lor. rii 

“ Smoicnhky. Zetlurh anorq Cluin . 1912, 73, 293, bebodflf, ilnd , 1911, 70, 301 ; 
Day and Sheiiherd, J Ainer Vkrm. Hoi , 1900, 28, 1089 ; ihnsbcrg, hr. rit. . Iviinkiii and 
Wright, Zaheh unorg Chem , 19\5, 92, 213, Wallace, ibid . 1909, 63, I , Knnst.niliuov 
and Sehvanov, Chrm Zfnir , 1915, 11, 778 , K.iiandeell, lor rit 
' Doclter, loc. cit, 

" Leitmeior, Zetlsch, ajwrg. Ohein , 1913, 81, 209 
* Le Chatcher, La Siltn et lea Sxhcalea {Ih-rra.ann ct J-ils). 1914, p. 52 
Kopp, Annakn Suppl , 1804 -5, 3, 295. 

" Jordiw and Kan ter, Zc»h»cA anorg. C'Apw?., 1903, 35, 8*2. 

Bonzian, Chem Zext , 1905, 29, 737 
Le ('hatcher, Bull Soc. chtm , 1881, 12|, 42, 82 

** Kultaachef!, ZexlscJi anouf. Chem,, 1903, 35r 1*^” 

Eskola, Amer. J. Sci., 1922, [6], 4, 331, 

I^ebedeff, loc. cit. 

” Konstantinov and Sehvanov, he. rAk 

Bowen, Amer. J, Sci., 1914, [4), 38, 207 ; Ferguson and Morwin, loc. c«.; Delaano, 
Zcthch anorg. Chem,, 1914, 84, 401. 

'• Deleano, he cit. 

*'> Wallace, he. cit. 
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‘ oxide or silica, calcium vanadate,* or ealcinm fluoride.- The 
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silica, alone or with cnlciiini oxide, in ealeiiini ehlorided It is fre- 
(juenth jirodnccd in slafjs on which it confers its own propcity of 
(iisml( ;>ratinLr on coohno.*^ It is a |)olyMiorphie eonijiound. a-Ortho- 
sihcatf' melts at (’ , erystalhscs in the nionochmc system, 

has a density of and hardness .> (i. Hy slow coolm^ it chancres 

at 1110' ('. to lh(‘ orthorhombK* /]-eompoiind, of density .‘128, and 
at d7iV ('. to the monoclmie y-compound which has a decidedly 
smallt'i' dens'ity, namely, 2-07. The last ehan/^c must Ihercfotc in\ ol\ e 
a eonsiderahle iiier(‘as(' in \oImn(‘, and it is this merease which eaiisc s the 
piih ensation on slow coolin'^ noticed In Lt' Chalcher. liapid eoolmt; 
ii\rs a-ort hosilicate at the ordinarv temjieralnre. ' Then- is also a 
Idm I li iinstahle loim, /?'-oi I hosilieate. ohtanu'd hy c'oolina hvdialed 
oil hosilieati from I rio"* (' ‘ rt-()rthosiheal<' has tlu' power of selling 
with water, hiil this propel t\ is not possessed hy the y-\aricfy 
The /)-eonipoim(l cannot he ki'pt at fndmarv temperatures. 

The tendency to form thi‘ y-ort hosiheate, and therefore to puheiisc, 
can he r(‘diieed hy tlu‘ prcsiawe of certain forcijrn snhstanccs. for example, 
ma^,mcsmm, ahiminmin, and non oxides It has hecn siie;/4cs1cd that 
the (lillVrenceMiet ween hydraulic and non liN dranhc diealcmm silicate 
IS to he aecoimt(‘d for hy a diflerence in the struct lire of the molecule, 

0 0 

tlie lalti'r hcing a true orlhosihcati*, (a Si Ca, and the former 

0 0 

/()(■, .\ 

a hasie mclasilicatc, SiO'^ >0, which is readily hydrolvsed, yicldin^^ 

Nx’a/ 


lime and normal metasilicate.'’ 

The heal of formation from the inclasihcale is 8 7 ('ah, or from 
silica and lime 218 ('{d.'‘ The orthosiheatc is more readily attacked 
hy acid than the ni<‘lasiheal<‘ 


With man^.inese orthosiheatc m \aiMnji pioportioiis a continuous 
senes of solid solid ions is foriiK'd ‘ With ealcmm chloride a compound, 
2('a().Si()2.('a(’la, is obtained.'^ The fre(‘/inj*-pomt eurye ol’ Imiaiy 
inixtnri's of hthmm and <*alcnim orlhosihealcs indicates a compound 
Li jSiOj.t'UgSiO ,, stable below 982'^ ('. and of density 2*817 '* 

Tricalcium Silicate, 3CaO.SiO,. - The existimcc or otJicrwise of 
••^;aleiimi silicate has been in the past the siihjcet of much discussion, 
‘r|j' invcsti^»ators being rather m fa\(mi of regarding it as a mixturi' 
h solution of tlie orthosiheatc and calcium oxide."’ lieecnl w'ork, 
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however, seems to liave established its claim to he rejjanh'd as a chemieal 
indi\ idual.’ 

Tnealemm sdieate cannot lx* obtained b\ siiiiph' liisnni ol tin* 
constituents. Pdhajisit is nnslabir at the nieltnio-poinl. about ITOO’C 
It can. liowever, be piepared in the piesenee of small (pi.Mititns of 
other oxides, for e\ampl(‘, ahmmimm. boron, and ehiommm oxides, - 
which })rol)ably act as a llu\,‘* all(>\\infr the naetion to take plae(‘ at 
a lower tenijieralure. It can also be pix'pared b\ heatinj,^ t hi' eonsli- 
tnents for some time below the meltmo-|M)mt. 

It is Indranhe and will ludiate and hardin with watei 

Acid Calcium Silicate, CaSiO,.ICSiO,.II^O, is lonnd nalnialK 
as tlu‘ mineral ohrnitr. A snbstanei' ol the same eom|)osil ion has 
bet‘11 formed b\ preeijiitatmn cMlemm ehloiah* with sodiiini siheale ‘ 
(ielatmoiis silica combines with lime-water, loimiiii' insohibh silicates ol 
\ arviiijj; composition.’* 

Oalcium Fliiosilicate, CaSiF,,, is obi aim'd in a Mtreons oi er\slal- 
line form b\ iK'atma lime in a eurK'iil ol silicon Ihioride.*’ ll ma\ be 
obtaiiH'd as Hk* eryslallim' dihvdi.de, CaSiF,, 2ll /), b\ iIissoImiii^ lime 
Ol ealemm eailioiiale" m Iin diolhiosilK'ie acid and e\apmalmo It is 
decomposed in water foi mmL» call mm llnoride and siheie acid, and bv 
lieat formina silicon lluoiiile. It is easih sohibh' in (»0 jiei cent, alcohol. 
The ei'Nslals belon^i to the monoelmie sNstem. 


(;i.Ass. 

Certain ol tlu metallic Mlieates. espe(‘iall> alkali silieabs, show a 
remarkable leiidi'iiev to siijier-eool. a transparent stnief nreless 

solid, known as a ^da.ss, which ma\ lie rej^arded as a Inpiid m a hiuhiv 
Mseoiis condition. 'I'iie alkalnu' i-ailh siln-atcs, ahnnmnim silnate. 
and other.s. do not possess tins piopei\\. or onl\ to a \<n limited 
decree, extrenuly rapid I'oolnij; biiny neeessar\ to obtain them in a 
Mtreons condition. The silicates ol iron, manganese, and had do 
not i(adil\ eiNslalhse miless cooled slowK H\ mixiny tof^C'llu'i sili- 
cates of the alkaline earths with the more ic'adiK c*i \stalhsable siheales. 
classes are ( asil\ obtained which are at the same time capable of resistin^r 
the action of watei and elumieal n.iircnts as the alkali silicates alone 
cannot do In this po.ssibihty Ins the foundation ol the c,dass indnslry. 

(ilass of a ver\ im])erfcct t\j»e was produced and cmploM'd as eail\ 
as 1 too n.t'., and p^oi)abl^ beloix'. m Syiia and m K^ypt, but it was 
not until the tune of the Homan Fanpirc that jilass became an article 
ol <reneral donustic and industrial use Roman ^lass was almost in- 

' New Ih'Mv and Snutli, ./ *SV ('fii-ni hid, IlMKt, 22 , IM . NiwIm-iin iunl Me wI)i‘i i \ , 
hr nt . lliehaidson, d , I’MI.H. 27 , ilC^, see ./ Snr ('him /«d . tdiKJ, 22, !)H7 , 

l.n ( liutc'hf'i. La Silirt’ li leu Siliiiih\>< (tlciniiuni td ImIsJ, J‘)| p t2<), KU’in <iri(l I’liillips. 
Tmiio Amn ( 'ortxar /Syr , 11)1 1 , l 6 , HIS, "cc 7 Sm (’him /««/ , l!)l -4 33 , , ( '.imjilji'll, 

J Ivd hinj Chnn , I'llt, 6 , 700, mv ./ Sm ('hrm Ind , t'jH, 33 , IM»l , Hides, '/ViM*. 

Ainn. (’LramiL Soc , I'.ll.'t, 15 , 420, see./ Sur Chun hid , 11)14, 33 , 81 , iVnmnnii, Sfnhl 

und hJiMen, 1918, 38 , 9r)3 , Keiguson .'ukJ .\teiwiii. Amei d iSn , 1019, 48 , HI 

* IJfites ftud Klein, ./ Frnnkhn hi'^t , J910, 182 , 398, see ./ Sui (Jhem hul , I91l>. 
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® Neninuiin, hr, nl 

* ilelcit, ./ praU ('finii , IHO.), jl), 94 , 129. 1.77, see Jnhiuhu , 1805, 19:5 

^ Landnii, Vnmpi rend , J883, 96 , 841 

" Deville, ibid , 1801, 52 , 782 

’ Manpiac, Ann. Afines, 1859, |5j, 15, 221 



vciiiaui^v ui iiiu lypc, rini in silica. After the collapse of the 

Roman Eni]iire, the Kinpi ror Constantine encourajicd the eonstnietion 
of /rlass furnaces at Jiy/.antiuni, and these became celebrated throiigliout 
the eivihsed world until, after the taking of ('onstaiitino])lc in I their 
products were eclipsed in beauty and delicacy liy the work of the Venetian 
glass-lilowcrs. The latter held lirst place for se\eral centiinos, until, in 
fact, in sjnle of stringent laws to prevent it, their secrets became known 
in Kngland/Franee, and (Germany. The Venetians, no doubt, owed part 
of their siijierionty in glass luamifactnre to the natural sodium carbonate 
which they irn])ortcd and used. In other countries during iriediaval times 
the manufacture dcgi'iierated. owing to the use of cnidi' wood aslies and 
the pi'Ofhietion of a iiotash-limc glass, very low in silica and with an 
excess of lime and magnesia. So far as is known, the first English glass 
factory, if we except those put np during the Homan oeen]>ation and 
one jirohahlv condneted In Freneli workmen hroiight In St. Wilfred to 
Vork about 700 a.d., was erected at ChiddmgfoJd in Snrre> about the 
year 12.‘J0, and this district remained the only ecntn' of glass manii- 
faeture until restrictions on tlie use of tiinher for fiK'l m the time of 
Eli/,nbeth eaiM'd its decline. The fashion for ornamental glass vessels, 
whieli prevailed in tlio sixteenth century, resulted m the establishment, 
in London and other parls of England, of glass -I dowers from France 
and the Iajw Countries, as w'cll as a few from Ittily. 'riii' introduction 
of coal as a fuel, and the necessity for co\cring the pots to jirotei-t from 
contamination by Die coal, facilitated the use of lead oxide in glass and 
led ultimately to the manufacture of lead or Hint glass in the form 
now known. 1 

The eomjiositioii of glass is \aried according to tlie use lo which it 
IS to he put. C'omjiaratively small changes in the composition may 
bring about rather serious ehaiigi's in properties, and much e\})ermK*ntal 
research has been necessarv, and is .still reipnred, to discover siiitahle 
formuhe for glasses for sjieeial ])nr])oscs. IkTore tlie War, tlu* nianu* 
faeture of ehomieal glass-ware and optical glass was develo])ed on tlie 
Continent, but not in Hritain. Since tlien, liowevia*, Hritish manu- 
facturers ha^'e made remarkable progress.^ 

Ordinary soda-lime glass approximates suhstantially to tlie com- 
position NajO.CaO.HSiOj, but tiiore are very large ])ossibilities of x aria- 
tion by Tcplaeiiig more soda by lime, exchanging soda for jiolash, or 
lime for b.aryta, magnesia, lead oxide, zme oxide, or aiumma, or, linally, 
by exchanging silica for phosphoric or boric acids. Small quantities of 
other substanecs may also be introduced, watli the object of aiding in 
the relining of tlie glass or of producing coloured or opaipic gla.ss. 

The earliest pioneers in the systematic study of glass, largi'Iy for 
optical and chemical jiurposes, wvre Schott and Ablic. wlio began their 
W'ork in 1881, and set up a factory at Jena in 188 L® 

The Manufacture of Glass. The silica is introduced in the form 
of white sand, large quantities of which arc obtained from Paris and 
Relgium. Flints were formerly employed to avoid the use of sand 
containing iron, hence the name “flint glass,” but this has been dis- 
continued. Lime may be introduced as slaked lime, chalk, or limestone, 

* Sop MiinufActuro of (lla^s. 

* Tumor, Presidential AddretiS, J. Soc. (floss Tech , 1922, 6, 108. 

* Hovestadt, Jena Glass and its Scienti^ and Indosinal Appltcaiwns, 1900, English ' 
translation by Everett and Everett (Macmillan & Co., Ltd.), 1902. 
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and soda chiefly as sodium sulphate, nlthougli earbonatc is some- 
times used. “ Gullet,” or waste glass, is also added to liasten the react ion 
by acting as a Ilux. The finely ground materials are mixed with a 
wooden shovel or a mixing machine, and introduced little by little into 
a jircviously heated pot. The actual melting oeeu])ies ten to twelve 
hours, depending on the quantity of glass and the tyjie of furnace. 
There is a large evolution of gas, chiefly e.irbon dioxide and ^ater vajunir, 
which helps m the mixing, and a froth i>r seiim is formed on tlie suriaee 
and IS removed. This scum, known as “sandner” or “glass gall,” 
consists chiefly of sodium and calcium sulphates with a certain amount 
of glass. The glass is tlien refined or planed. Sometimes potatoes or 
apples are thrown iii, or it is stirred with a stick (d’ gnm wood at the 
end of w'hich a fire-elny e^linder is attai'hed. At the begummg of this 
process the glass sliould lie intensely heated so as to be \erv fluid and 
mobile. The teiii])erature .sinks during the .stirring, so tliat the glass is 
linallv qint(‘ viscous, wlieii it is ready for drawing and bjowaiig. 

.SevcTal pots arc iieated in one furnace, or, for the coarser kiiuls of glass, 
a single huge tank may be used. Lead glass and optical and other sjiec'ial 
glasses must be melted in covered pots, to prevent a(*(rss of reducing gases 
in t he case of lead glass, or the drop])iug m of brick- work or other impuri- 
ties jrom tlie roof of tlie furnace. The glass cannot then be stirred, but 
it must be removed, broken up, and the cleanest fragments returned to 
the j)ot for remelt mg in order to produce a homogeneous mass. 

(iri'at care must lie exercised in the eonstruetion of both pots and 
furnace, as they must be capable of witlistaiidiug for some months at 
a Imu* the action of a corro.sive mixture at a temperature which may 
r«*aeh 1 tOO'" G. or even more.^ A highly refractory clay, for example 
Stourlindgc clay, consisting mainly of alunuiiium silicate, is used. The 
pots must be carefully annealed, and, when once heated up. must ncvi r be 
allowed to cool down again. 

Gas-fired furnaces, being more economical than coal-fired ones, are 
more freijuently used. There arc also .several types of elcetne furnace, 
for exaiujile the Sauvageon, Voelker, and Ikeker furnaces, in which the 
heat IS devclojied hy the resistance of the glass itself, or, on the oilier 
hand. Ihose in wliich the furnace elianiher is healed by the passage of 
an eleelrie current through resistant material surrounding it.^ 

There is seo])e for much greater c<'onoiiiy in the working of glass 
furnaces. Travers lias calculated that, in tlirec diffcrciit glass funuiees, 
the heat energy actually utilised in melting the glass w^as ]4 5, 12, and 
9 jHT cent, resiieetivcly of the total eonsunicd.® The rest w'as lost either 
outside the furnace or through the walls. 

For fuller details of the processes of manufacture and the construc- 
tion of furnaces and of machinery for the drawing and blowing of glass 
the reader is directed to the literature mentioned in the subjoined 
references.* 

‘ Jenkmsoii, J. Soc. Olase Tech., 1918, 2, 288. 

* Greavea and Etchella, English Patent, lli)866, (Apnl U, 1917), fee J. Soc. QUus 
Tech , 1919, 3, 194A. 

* Travera, J Soc. Cflase. Tech , 1921, 5, 166. 

* Martin, Industrial Chemistry, Inorganic (Cnjaby Lockwood k Son), 1917, Article 
by Searle, vol. li, p 230 ; Rogers, Indtuitrial Chemtsiry (Constable k Co., Lbl.), 1921, 
Article by Gillindor, p 336 ; each of these has a bibliography also, Thorpts Dictionary 
of Appli^ Chemietry (Longmans, Green k Co.), 1922, voL in, p. 378. Numerous papers 
and abstiTMite in the J. Soc. Qians Tech. 

VOL. in. ; I. • 
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The Properties of Glass.- Ordinary jjlass is colourless, and trans- 
parent to ^ isiblc li^jlit rays, bill o])a(jiie to ultra-violet and infra-red rays. 
The densit\ varies from 2 ‘2.> for the liijlitest borate ^lasses to 0 Jl.) for 
tlu: heaviest Ic'ad and bariimi jjlasses The averaj^e for alkah-lime ^jlasses 
IS 2 .> .‘1 {). Glass js a bad eonduetor of heat, vvitli the result that, when 
rapidly chilled, the outside cools loni> belore the inside, produein^f a state 
of tension, so {.^n'al in the more extreme eases that any disturlianee of 
the surface, for e.\am])l(^ by siTatehiuf^, may cause eolhqise of the ^dass 
to a line powder with explosive viohaiee. h'or this reason ^dass articles, 
before they are ready lor use, must lie annealed by hcatin^r for some 
time at a lem]K‘rature which is fairK hi<fh, but not so lii^di that deforma- 
tion, or (levitrilieation that is, translormal ion into a brittle' eiyslal- 
hne mass is jirodueed.^ 'I’lie most suitable tem|K‘rature for annealin^f 
varies with eomjiosition ; for (‘\ainple, if Ihe (pianlilv of siliea is l<e]>l 
constant the annealin^^ temperature is reduced as alkali is substituted 
for linu'.2 If lime be reiilaeed b\ maf'nesium and ahnmmum, the' 
annealing' lem])erature is m f'lmeral also low'ered ^ \n ordinarv soda- 
lime ^dass has an annealin^f temperature in the neijrhboiirhood of (idb (’. 

Th(‘ eoellieient ol cubical expansion varies eonsideralilv . Ihe mean 
value for soda-lime jflasses bem^ 0 00002.*! 0 000027 

The ehan^^' of ]»ro])erties with composition has nax'iith lieen Ihi' 
object of imudi more sNstematie study than fornu'ilv. In p.iitieular, one 
mij^ht cite the lon^^ serii's of papers by Peddle on the dey(‘lo|>nu'nl of 
various tyjies of nhiss,'^ and also the work by Turner and his eollea^iu's 
on soda-lime ^dasses.® Much woik, however, still remains to lie done. 
Tlie general results hitherto obtained may be brielly simimaiised 
A])parenlly eontradielory eonehisions ha\(' sometimes bei'ii reaelud. 
esjieeially in the earlier work, but these are no doubt due to lack of 
clear ih'linition of all the conditions. 

AlLalics.- - Soda and jxitash make f^lnss more lluid and reduce llu' 
rale of setlin<f 'I'liey dimmish the resistant ]mv\er towards water and 
acids, but inereasi' it towards alkalies Gxeess (d soda esjieeialK 
mere'ases the tendeney to devitrdieation A mixtuie ol jiotash anil soda 
jiroduees a more duralde ijlass than either alone.® 

lAiin\ sulistituled for soda uj) to about 20 fiei cent , dmunislKs 
tlie tendeney to dev itrilieation. It increases tlu* ehemieal risistanee, 
reduces the heat expansion, and increases the elastieilv. rate of setting, 
and hardness. It make's the irlass le'ss thud at low teinpe'ratuies. but 
more lluiel at hi^di. 

Lead (hvalc iiieTe'ase's the ele'iisitv and refractive iiielex 'riie jilass is 
leadily fusible, but iinfortunute-lv blackens when workeel in the' lani]>. 
Lead ^jlass is extraordinarily re'sistant to water, but not to ae'ids and 
alkalies. 

Barium (Kvide, substituted for lime, increase's the elensity and re frae'- 

I Seo IftU'r. 

l^aglish and Tumor, ./ Soc. OUift/t Tfch , UI19, 3, 125. 

* tlndkin and Tumor, ibid , 1019, 3, 27.') . Entilisli and Tumor, ibid , 1021, 5, 11.' 

* Peddlo, ibid , 1020, 4, 3, 20, 40, .W. 71, 225, 200, 310, 320, 330 . 1021, 5, 72. 195. 201, 
212, 220, 228, 250, Ti(ittn Opt Soc , 1921-2, 23, 103, soo J .Soc (!las<t Tvrh , 1022, 
6, 93A 

8 Turner and others, tbid , 1917, I, 1.53 , 1918, 2, 32, 2,35 , 1919, 3, 37, 227, 228, 238, 
2.53, ‘2G0, 275, 278 , 1021, 5, 107, 110, 183, 277 , ./ Hoc Chem Ind . 1018, 37, 4.51H Soo 
also work on lime-inaiinosia glassos, ,/ Sor (llasi Tech , 1921, 5, 352, 357 ; 1922, 6, 101 

* Travers, ibid., 1919, 3, 253. 
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tiv(‘ iiuh'X, allhou^'li not to so »rfat ini t-xlenl as Irad ; but it bus llio 
aclvanta^'c over the latter of not blaekenin^^ in tiie llaine It also 
increases tlie durability and decreases the solubilitN. 

ZuH' uj'ide IS usel'iil in ^lassi's ior laboiatoiy and optical purposis. 
It jii\es a low eoellieieiit ol exjiansioii to the ^dass. but a lii^di tensile 
slrenclh and eliemieal nsislancc. 

Mai^nvsin is snnilar to lime in its effect. It increases 4 he mscosiIn 
and the lu'at-ntainmji jiower, which are ad\antai^es in woikm^. but 
there is also a tendene> to sirm^uness Hesistancc to acids is sli^hll\ 
increased, but to alkalies it is diminished. Ma^iusia ^lass has a lower 
(‘oeMicient of (‘xpansion than hnu* class, and also a lowei aiiiusihii^ 
tem|)erature. 

Tlmlhiini oA'idr is sometimes used for s|)eeial optical lenses. II in, ikes 
the class harder and increases tla* rh'nsit\ and rclracti\e nuh'x. but it is 

I xpensi\e 

.Uuminiuui otidc. 'I’he effict of ahmiimum oxide on j,dass has bicn 
lhesubje<‘l ol niiieli eonlro\ers\ in the past but it now seems j^enerall) 
acrei'd that, U|) to a certain limit, the piesenee of alumii a is benelieial 

II reduces the teiidcne\ to de\ itriliealioii. the thermal expansion, and 
the deiisih. and ineii'ases the facihl\ of workuic. altliou^h tlu' elleel 
piodiieeil depends creally on tlu' eomposilion of the ^lass ^ 

Silica ufi\es hi^di Mseosit) and cla'imeal lesistanee. In very larce 
quaiitih it causes de\ ilnla’alion and raises the teinperature of fusion 
Silica alone nia\ be used as a ^dass, and has valuable lieat-re.sisliiie 
jU’operlics ; but a \er\ hi^di l<‘ni|>eiature, 1700" LSOO’ ('., is neeessaiv 
lor (usion. 

Hour acid ^u\es low tliernial eondmdn it\ and hi^di elumieal n sisl- 
anec' il not })resent in loo larci (piantilv. lor example, not more lhan 
10 per cent., or even less. It was used m old Venetian class 'I’he 
(•(udlieieiit of expansion, teiidencv to devitnlieation, and meltiiic-pomt 
are lowered, whilst the refraelivc ind<‘X is increased Jiorosiheale ^lass 
IS valuable for ojitieal purposes. 

PlinspJnnir and u|) to a hii,di jierccnta^e mav be used in optical f,dass. 

'File lollowin^f formula* have been t,nvin as reprt.seiilm^^ IIm* coni' 
position of jiCKx! all-round ffla.sscs - 
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Small (piantitics of .selenium,® ar.sc'im*, and antimony are sonu'tiims 
introduced to act as deeolonsers ami to hel]) in linm|T tlie glass 


* Foiik, Tuinji. Antn Ceramit' So* , 1909, ll, 99, '.eo ./. Soc Chan Ind , I'MI9, 28, 
1127 ; , Singer, Kcrn)m.irkf Jitoidu luiu, lUlft, 5, and 1917,25, 142 ft firq , M-e .7 Sui fltri',- 
Tick, 1917, I, ItiA , 1918, 2, .hlA , Spiijiger. Knawrvb Ruiuhsrhm, 1917, 48, 2i:i. 
see J Sot (tUm Tcrh , 1918, 2, 88x\ , Tuiiiei and eolleagues, loc at , 1921 

* (.'auwood, English, and Tiirnei, J Soc. tRuia Tich., 1917, I, 15H 

* Cousen and Tu^er, ibid., 1922, 6, 168 , Sugie, Vhem AbM , 1922, 16, 4090 







The durability of ^^lass is determined by Mylius' weiitliering 
The ^lass is exjioscd to tlie action of water for a definite period, and the 
intensity of the jiink colour develojicd in an ethereal solution of iodo- 
eosin then noted. Another test, known as the “ dimming test,” has 
been suggested.- The t'xtenl to which moisture is deposited on a eare- 
fiilly cleaned glass plate m an atmospliere of definite moisture content 
IS observed, and the corroding effect afterwards studied under the micro- 
scope. A useful bibliography on the durability of glass is given by 
'riirner.® 

The Constitution of Glass. A controversial point in the study of 
glass IS the (question of its constitution. As glass cools there is no 
sudden eliangi' from fluidity to rigidity as in most eases of solidification, 
but a gradual di'crease in fluidity. Tin* same gradual change is also to 
be observed in some other })ro])i“rti(‘s, for example eleetneal conclue- 
tnity,* which Ambronn sliowed to be of an electrolytic nature.'* This 
gav(‘ rise to the view that glass is a solid solution.® Devitrilieation of 
glass, which is aided bv kei'])mg the glass at softening teni])eraiiire, thus 
conferring freofloni of movement on the jiartieles, is simplv the crystal- 
lising out of the \anous eonstilnonts of the solid solution. The eou- 
tiniiity of the properties of glass, howe\er. has probably been taken for 
granted to a greater extent than is justified by exjierimental e\'idenee.^ 
For examjile, examination of a number of glasses seems to show tliat 
at about 70' C. below softening tem])erature the rale of absorjition of 
heat with rise of tem[)erature undergoes a siidtlen increase, whieli is 
mamtained up to a temperature slightls below the softening point. This 
range eoineidcs with the annealing range witlnn which the glass may hv 
ri'garded as plastic.® The eocnieient of expansion remains constant until 
this plastic region is reached, %\h('n a sudden increase to a \alue four to 
.seven times as great takes place.® 

According to Zulkowski, the durability of a glass is contingent upon 
the formation of double silicates, and not of a mixture or solid .solution of 
simple silicates. Deviations from the recognised glass formiilie jiroduee 
poor glass, because they result in the presence of simple silicates whiidi 
arc more easily attacked, The formation of the double silicates 
jirobably takes jilaee m the fining .stage.^* 

Another view has been put forward, founded on VV. aiid D. A.sch's 
eoneeptioii of the strueture of the silicic acid molecule. A good glass 
is to be regarded as a supercooled single ehcmieal compound, with 

’ Mylju.s, Zeit'ich aiiorg I'hnn, , 1907, 5$, 233, 1910, 67, 200, Sihbit-Zcihrfi , I9i;}, 

I, 2, 2i), 

» ElNdcn, Roboits, and Jones, J, Soc Gla/m Tech , 1919, 3, 52 

s Turner, ibid , 1917, I, 213 , m>o also tbid., 192g, 6, 30 See also Rep of Rrit Sei. 
Inst. Rch. Assoc., 1921, J Soc aia-is Tech , 1922, 6, 102A, lfi7A 

* Doelter, Zeikch Elektioehem., 1908, 14, 052 

® Ambronn, Fkysikal. Zeitsch,, 1913, 14, 112; 1918, 19, 401; Ann. Fhysik , 1919, 
58, 139. 

* See J. Soe. Ola/ss Tech , 1919^,3, 12A from f^prechboal, 1906, 38, 482. 

Travers, The Physice and CketniMmof CoUinds, Publications of Dopt. of Sci and 
Indust. Research, 1921, p 62. a 

* Tool and Valasok, U.S. Bureau Stan^^m, Scientific Papers, 1920, No 368 

® Peters and Cragoe, ibid , No 393 

Zulkoifcskj, J. Soc. Chem. Ind , 1899, 18, 760. 

'' Zulkowhki, ibid , 1900, 19, 442, sec Haillio, J. Soc, Olane Tech,, 1922, 6, 68. 

W. and 1). Asch, Dte Siltrafc (fc»pTinger, Berlin), 1911, seo Vol. V. of this .senes, 
Caven, 1917, p, 212 et aeq. 



perhaps small quantities of impurities present. The moleeule of the 
compound is a ^'crv large one, typical glass molecules being, for instance, 
SNagO.TCaO ;}GSia,5K,() TC'aO ;tGSi02,(>K/).2}>l)0 2Zn0.2Ha() .‘{(iSiO,, 
and SNagO.^KjO.IlPbO.Ilt'aO.JlGSiOj. Substances forniing large mole- 
cules tend to produce v<‘rv viscous lupiids. It is claimed in support of 
this theory that, when a glass dcvitrilics, the crystalline portion lias the 
same composition as the vitreous portion,^ but this is noj; ahvavs the 
case. Hoth calcium silicate, and silica m the form of truly mile, mav 
separate out.- Peddle, judging from appearance and optical ])ropeitics, 
concluded that the crystals forming in glass were \\ollastonite,* but 
chemical analysis ga\c a {‘omposition approaclung tliat of the original 
glass. This, however, he aseribed to occhulcd glass. In the case* of 
barium glasses a barium silicate, HaSn^Os, scpaiales out in large ci \ stals, 
if present to the extent of .57 per cent, or moic.‘ The phenouu'non of 
surface devitrification is probably due, at anv rate partially, to the 
volatilisation of alkali from the surface, leaving a glass richer in silica,'* 
but recent observations seem to indicate that adsorbed water has an 
important inllncnce.** 

llradford compares tlie solidification of glass to the setting of a |elly, 
regarding glass thcrcfoie as colloidal." This view would si cm to 
favour a structure similar to that required by the onc-compound tiu'ory 
that is, a silicon-oxygcn net-work." It is well known that g(‘latmc, 
on rapid stirring, becomes more mobile, owing, it is supposed, to the 
breakiiig-up of the linked chains of atoms forming tlie frarni'work of 
the gel. It would lie interesting to know if rapid stirring of glass 
which has reached a viscous state would make it more lluid again 

Quincke, from a study of the copper avTiiturine glasses which 
contain microscopic crystals of cojiper in a transparent glass dcvclopi'd* 
in lini's of similarly orientated octahedro, or distributed over plane or 
curvTil surfaces, concluded that glass has a jcllylike structure built up 
of invisible foam walls separating foam cells, the wall and cell content 
consisting of a scries of liquid ])hasc,s, each eontaiiiing several modi- 
fications of silicic acid.'’ 


CALCIUM AM) .VLUMINIUM.’" 

Calcium Aluminates.- By fusion of calcium oxide or calcium car- 
bonate with ahiiniriium oxide a number of aluminates can be obtained. 
The chemical individuality of four of thc.se seems to be detimtely 

’ Doaath and Indra, iSprecfnaal, 1911, 44 , UiU, hoo J A'ik. Chciu. Ind , 191 1, 30 , 421. 

* Ijc Chatohor, Comjd tend., 1916, 162 , 863 

’ But seo BourgroiH, Ann Chivi. Vhys., 1883, 15|. 29 , 433 

* Bijwca, J Amer. Ceramic Soc, 1919, 2 , 201, m* f »V(w (llajn Te<h , 1919, 3 , I72A 
® Brockbank, Tram, Amer. Ceramic Hoe,, 1913. 15 , 000, hw J Sor Chvm Ind , 1914, 

33 , 77 ; Cox, J. Amer. Ceramic Soc , 1919, 2 , 670. sco J Soc, Olaaa Tech , 1920, 4 , OHA. 

* (lormann, J. Atner. Cliem. Soc., 1921, 43 , II ; stS) also .Jaokson, Ckem. Ntu/i, 1920, 
120 , 62. 

’ Bradford, J. Soc Glasa. Tech., 1919, 3 , 282. 

* See alho Gnlfithu, Phil. Tram , 1920, [Al, 221 , 10,3, 

* Quinoke, Ann. Phystk, 1915, [4J, 46 , 1026, 

'® In aoco^ance with the general arrangemout adopted hi tins senes this sectiDu 
ought to follow the one on Calcium and Boron, but, on account of the close asisoeiation 
of the aluminates with calcium silicates in the study of cement, they .ire more con- 
veniently oonaidered here, 
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established, SCaO.AlgO,, SCaO.SALOg, (a 0 .Al 203 , and SCaO-.^Al^O,.^ 
The possibility of the forniafioii of the eonipounds, ‘JCaO.Algt);}, 
JJt'aO.'JAloO^, fi('a0..jALt).,, and 1 U'aO.lOAloO^, has also been snrr- 
^rested,“ but they have not been thoroughly invcsti^jatcd, and it is 
proliable that some or all of them are solid solutions. 

Monocalcium Aluminate, GaO.Al.,03. -Hy fusing to^jether 
ealeium and aluminium oxides in the elcetrie furnaee, Dnfaii obtained a 
sjunel-like eompound m needle-shaped crystals re.sembliufr beryllium 
aluminate or ealeium chromite.^ The meltmjr-poiut is about 1.500° C."* 
It sets and hardens with water. 

Tricalcium Aluminate, 3Ca0.Al20.,.— Canpibell re^rards tri- 
ealcium aluminate as a metastable saturated solution of lime in the 
eompound .5C’a().;iAl20.^, or as . 5 ('a().:L\L 03 , with t molei'ules of 
ealeium oxide of crystallisation, rather than as a stable eompound,^ Imt 
the balaiKT of evidence seems to be in favtuir of tlu* lattiu- view. 

Triealeium aluminate deisunposes wuth partial fusion at 1.53.5 1 ‘2' 
and IS therefore best obtained by erystallisinj^ from a ^»lass of the same 
eomf)osition a little below tins temperature'.’ It does not possess 
hvdraulie jufi/ierties. 

Phillips showed that a colloidal solution of triealeium aluminate can 
be obtained, but more readily m Imu'-watc'r than m pure* w'ater.** It is a 
positively eharf^ed colloid, not eoaf^ulated bv h(*at, but by IVee/m^^. It 
has a hi^di adsorptn e power and resemliles the sols of lerrie, almnimiim, 
and chromic oxides. 

A hydrated eompound, 3(’a().AL() , (MI/), is obtaiiu'd as a ei \ slalhiic' 
prc'cipitate liy the action of hot Imu'-watei on potassium aluminate' '* 

5Ca0.,3Al20, and .ICaO.SAL^O., bedh exist m a stable' anel 
unstable form.’ The* stable Ibrms have respee'tiv'ely the* meltmo-|)omts 
115.5 i 5° C’. anel 17*20 lO’C’.*'* The* unsl.-ible Ibrms are' only jnoelne'e'd 

unele'r special e'onditiems of eoeilinfj eif the* fusee! e'ennpemnels. 

IIv the action eil lime wate'r on me'tallie' alummium a hvelralc'd 
eryslallme dicale-uim aluminate', Ca.^ M.^Oj.TlI/), is eibtaiiu'el.'* 

Calcium aluminate's are mainly imjiortanl fremi their re'lation to 
Portland cement anel will be mentienu'el affam iineler that lieadiiifi. 

Several natural ealeium alummei-siheates arc known, niuniInU’, 
CaAl./SiOi). 2 , lime <fi(tru(‘t, ('a ,Al.,(Si(),)j, anel sevTial members of the 
group of minerals known as zeohln wliie'h have tlie' general formula 
M‘ Al2Si„02‘2n-l-l.TnII./)." 


’ Lc (’luile-liiii. Lu X’it/u r/ ^ v (|[(>im.uui ot liil-t, p. .VtS, U.inkiii 

.'iml Me'iwm, ./ Amn Chnu »SW , lUlti, 38 , .Vas , Me'i->Mi<‘i, rVffMi Zci'/r , 1910, 111 , .51 1 

® Meiilm, Momh ur Hui’HtiJujup, 191.5, [v], 5 , 22.>, st»c ./ Cfiem tStir , 1910, no, Al)s 
11, 139. 

Jhifaii, Coiiipf K‘iid , 1900, 131, .541 

* Ui f'lialcluT, hr nt ; Shoplie'tel, H.inkiii, einel Weight, ZriU'irh annnj Vh(m, 1911), 
68 , 370, iSlu'ptieTel anel W light, Auur J i^ri , 1999, [4), 28 , 293; ILaiikm eeiiei V\ light, 
ihd , 1915, [4], 39, I 

Ciuii phi'll,./ Jnd Exg Chim., 1917,9,94,3. 

* Slu'phorcl and Wnglil. loc. <il , Bates, J Atmr Cetanne Soc , 1918. 1, 079, seo 
J. Soc Chein, Ind , 1919, 38, 177A 

’ Rankin anel Wright, lor nf 

« Phillips, J Amr Ceranne Soc, 1919, 2, 798, see) J Chem. Soc., 1919, 116, Al).s 11. 
614. 

* Allein and Rogers, Amn ('han J , 1900, 24, 31.5 

LeChatelu'r; Cainphe'tl; ShophoriT, Rankin, and Wright ; Rankin and Wright , loc <tt. 

Morozovnez, BuU Acad. »SVi Cracow, 1909, .344. 
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(KMENT. 

The' ('luly usr of lime mortar has alivady larn hk'iiIkuk'iI. Doth (he 
(irceks ami the llonians often mixed with the lime and sand eertain 
\oleame deposits n'ally eonsislmo of Jnsed silicates and alimiinates. 
The result piodiiet was mueli stron^^'r tlian ordinal y mortar and 
resisted the action of water, eitlier IVesh or salt. It was thus llu' I'ore- 
nmiier of tiu' moilern ludiaiilie eeiiK'ids. The (ireeks used Saiitonn 
earth and tlu' Itomans po//aiolana from Ihileoli, near Naples, Faihn^^ 
these, |)Owdered tiles or potlerx fornu'd ^oeui substitute's. Trass, Irom 
tlie Ithine ^alle\, lias similar prope'itii's. 

Smeaton m Enjjlaiiel, from 17.>b emwards, anel \’ie'at in FraiU'e', a 
little late'r, e'xpe'imu'nte'd with hydraulic lime's. Tlu'se were- oblaiiu'd 
by burning ai^nllaeeous linie'stone. The produel, altei bunull^^ set hare! 
mulei water. In 1<S27 the eiiij^mal patent loi l*oitlanel cement was 
taken eail b\ Joseph Aspdiii, a bnekiavei of Le*e'ds anel Wake'lielei, 
III ^'orkshire. He* jmipose'd to ^ytind Imie* and clay (me*lv with 
water, and the'ii to eiiy and ealeiiie' until carbon dioxifte* w'as e'litiie'ly 
expc'lk'd. The name was j»iven from a fancied resemblane*e to Pent- 
land stone 

In Aspdiii's jiroeess the* temperature empleiye'e! W'as too low’ to yield 
the siibstaiiee' now kiieiwn as Portland e*e*iiienl. This, sme*e the se llin^^ 
11 ]) oj' the' liisl Hritish Stanelaiel Speeilie'ation in PJOt, is a e-.iieliilly 
standardise'el preielue't not subje'e*t to the' variations m e|U{thty whu'li 
eharaelerise' the natural, Homan, or rock e'e'meni foruu'el by sim[)ly 
eale'inin;^ sihe-e'ous limestone to just be-low' smteiin}^ junnl. 

.Natural po//.uolanie substane*e's aie ned eements, Init, when imxe'd 
with lime', the\ lorm h}eliauhe ineiitar without furlhe'r he'aliiij^. Arlilie’ial 
po//uolaiiie' substaiu'e-s inelude' xariems i/^mte'd ar<*illae'e*ous materials 
anel e'e-rtain blast -furnace sla^^s.' 

Manufacture.- I’en'Llanel e‘e*nient is made' by burnm^^ to e'imke'iin^ 
leiiipe'ialuK' an intimate mixture e)l ealeare'eius anel elaye'V inalerial 
e)!’ a liniite'd range.' of e'omposition. It is essential that a linely giounel 
honioge'ue'oiis mixture sheiiilel be' use*d. 'Fins may be obtaineel (*ilher by 
a we t or a diy preieess. 

Wet Proa’S!). The raw nialeiials, eif whie-h e'halk anel e-lay may 
be' taken as t\pieal, are reehu'e-el fei a ere'aiu} “slip” or “shiny ” by 
agitation in a large \at with water. The' sluiry is renighly seieeiie'd 
and ])asseel threnigh a wet tulie null tei eeunjileU; the bie-aking-up of the: 
e'eiaiser particles. Ultimately, the mixture shoiilel be-eeime so line; that 
only 2-5 pe r ernt. is re tained by a sie\t' of me'sh 5000 per sep cm. It is 
iinally drie'd e)n the lloors of di'Miig e'hambers by waste heat from the 
kilirs, when it shrinks and crae'ks into bleieks of a size ('onveme;nt tor 
handling and loading into the kilns, or it may be introdueed without 
drying. 

1 Foi further elejtails on the e'Jirly hi^toiy ol the e-ejiuent mitusti} bcc ChnnuHlry 

and Testing nj (/tinent (Arnol<J),‘19ll. 

* JVseih, hr rtf , Maitiii, Indudrutl ('hn/nshg, huuganic ((Vo.by Linikwooel A Soil). 
1107, vol. 11 , Article' by Dancaster. p. 77; the'-.o two gno .in I'xlofisivo bibliogiapliy. 
Blount, Ceww’Hl (Monogiaphs on Iinluilruil Clioinisti}’) (i.ongnian'., (lieein & Co.), 11)2(1, 
Munby, Inttodiutiun to tin Cluntishy anti Thy-ics of BuiUhinj .Matuvih (Con-,tn.bl() & Co , 
Ltd.), 1909 ; Moadc, Ltiim, Cemnt, and ThisUr, JnduiUial Vhrmnlry, 1921, p. .'im , Lan- 
caster, Lmf'i and Cements (Crosby Lockwood & Son), 1916. 
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Dry Process. — This process, which is more economical in fuel,^ is now 
, more frenertilly used, especially for hard materials such as limestone, 
shale, and These arc coarsely crushed and then dried m a rotating 

’ cylinder. They arc afterwards mixed in the requisite proportions and 
very /incly ground. The fine powder is separated from the coarse by 
sieves or an air-current. If it is to he burnt in stationary kilns it is 
moistened and pressed into bricks. 

The old-fashioned type of kiln is charged with alternate layers of 
coke and lumps of driecl slurry or pressed bricks. Combustion is main- 
tained by natural liraught, and the process lasts four or five days. The 
fuel consiinijition is high and the temperature variable, but eeononiies 
may be effected, as in the Diclsch kiln, by using the hot kiln gases for 
preheating the raw materials, and the hot clinker, as it reaches the 
bottom of the kiln, to heat the entering air. Sintering and partial fusion 
should take jilaec. It cannot be overburnl. The clinker is extremely 
hard and compact, but eontains innumerable minute pores and gas 
cavities. It is of a dark grey colour with a slight blue or green tint. 

Stationary Jsilns have now been largely replaced by the rotary kiln, 
whicli IS u cylindrical steel tube, 210 feet long and 8 feet in diainctci’, 
iiu'rcasmg to 9 feet near the firing end, and hneil with firebricks protected 
by c(‘nient clinker. It is supported at a slight inclination to the hori- 
'/ontal and is slowly rotated. The fuel most eommonly used is lincK' 
[lowdercd bituminous coal, injected into the lower end of the kiln by a 
current of comjircssed air. The slurry of finely pow'dered material is 
introduced at the toj), and the temperature increases progressively 
from top to bottom. There are three stages in the jiroecss * first the 
mixture is dried and organic matter in the clay burnt off; next the 
ealeium carbonate is decomposed ; and, finally, at about UOtr l.oOO" ('., 
the lime reacts with silica and alumina, jirodueing a sintered mass of 
clinker. The process is continuous, the elinker escaping at the lower end. 
A kiln such as the one described normally jiroduees 7i tons of clinker 
per hour with a fuel consunijitioii 28 per cent, of the weight of cement. 

The clinker is then very finely ground, often along witli a small 
quantity of gypsum or some other substance, llic purpose of wdiieh is to 
delay setting, A certain amount of steam is frequently admitted into 
the grinding mil), also with a view to modifying the setting projn'rtu's 
by the action of the small fraction of the lime thus set free by hydrolysis.- 

An meonvenient and even dangerous aiiioiiiit of dust is produced 
in the grinding, but various mechanical devices have been invented for 
trapping it, and incidentally the dust thus collected lias since jiroved a 
useful source of potasli.-^ 

An average Portland cement has tlie following percentage com- 
position : SiOa, 21-23 ; Al^Og, 6-9 ; FejOa, 2-i ; CaO, 61-63 ; MgO, 
1-8; SO3, 1-1-5; COg | IlgO, 1-2-5; and sulphide sulphur, 0-0-1. 

‘ Meailo. Conctele. (Mill Sect ), 1»21, 18, 135, seo Vhem. Abs , 1922, 16, 324 

• Bamber, Trans. Concrete Insi., 1909, i, 106, 132. 

® Juiigner, f^nglish Patents, 26497, 28970, see J. Soc. Ckem. Ind., 1913, 32, 486, 634 ; 

1 iTreanor, Met Chewing., 1917, 701; Nestell and Andereon, J. Ind. En^. Chem., 1917, 

9, 263, 646 ; Chftn JSit , Soc. Chem Ind., 1918, 37, 222T ; Bradley, Ckem. Met. Eng., 1918, 

. 19, 467 i Alei-z Ind Eng. Chem., 1919, ii, 39, see J. Soc. Chem. Iiid., 1919, 

38, 178A ; f^xtnflpgn U.S. Gool. Survey, J. Soc. Chem. Ind., 1919, 38, 210R. According 
to the AnnualMpSHs Alkali, etc. B'orits for the last few years, for example 1918, 1921, 
1922, and 1923^!l9e lecovefy of potash from cement dust, although under consideration, and 
',>earncd out certain oxniht, scarcely appears to bo a practical proj^osition. 
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All increase in the proportion of lime yields a stronj^er ei ineid until a 
certain limit is reached aiiove which the cement heeonies imsoimd, 
cracking or even dLsmtegratmg owing to the exjiaiision after setting. 
Increase in alumina or ferric oxide hastens setting. Ferrites ha\ e a low i-r 
melting-point than aluminates and so facilitate sinlcring, as also do 
alkalies and magnesia. 

If free from iron a white ei'inent, used for decorative work, results, 
lly replacing a large propoition of the alumina by tenie oxide, 
iron Portland cement, a tiermaii cement, is obtained. It is much more 
satisfactory in marine work than ordinarv cement . 

Slag eements are maile from blast-furnace sl.ig, which is granulated 
111 w'aler and is substituted for clay in the manufaefure of Pint land 
eenu'nt.* If granulated under certain conditions, it ma> be usisl as 
cement without further healing, for exaiujile Passow' cement, patenti'd 
in 11)01. 

Natural eements may be prepared from rock containing lime, silica, 
and alumina in ajiproximately the correct pro()ortions. Th<‘>’ aie 
varialile in quality owing to variation in the composition of the rock, and 
they cannot compete with Portland eement. * 

Po/zuolanie materials are not cements but burnt clayey mat (‘rials 
111 which the silica is present m au aeti\e Ibim so that, on mixing with 
lime and then ganging with water, tlmy set like eement. “ 

A mortar made from cement mix(‘d with sand, and usually linu' or 
loam, is employed for structures exposed to the action of running water 
or wa^’cs. * 

When eenieiit is treated with water, a plastic mass is lust foimed, 
and, after becoming friable, tinally sets. The hardness then gradually 
increases until a stony texture is ultimately obtained. Tbc setting of , 
cement is iiillueiieed by the preseiux* of foieign substances much in the 
saiiK' way as plaster of Pans.'* 

The Chemical Constitution of Portland Cement, and the 
meehamsin of tlie setting and liardeiiing jiroeess, have afforded subjects 
for mueii discussion, and no geiKTally ueeepled eonelusions appear to 
have been reached as yet. Much has been done In petrograpliieal study 
of eement clinker. be Cbatelic'r and Toruebolmi ** lutroduecfl the 
microseojiie examination of eemc'iit sections. Four different constituents 
were observed : “ Alite." wliieli is ajqiareiitly the active prmeqile of 
eement and forms rhombic crystals of composition rei>resenled by the 
formula JlCaO.SiOj,® with a small quantity of alumiiiate; “* J?elitt‘,'‘ a 
finely striated subsianee, poorer m lime than aide, and sometimes fouiid 
in a state of partial disintegration, suggesting the presence of unstable 
’ diealcinm silicate ; “ Cehte,” a very inert substance, resisting the action 
of both water and acids, and present in two varieties, wdiitc and grey, 
both probably solid solutions of diealeium silicate m diealcinm aluminate ; 
.and, finally, “ Felite,” m the form of rliombie crystals, a lon.stituent 
not very frequently observed except in blast-furnace .slag, and jiroliably 
the non-hydraulic form of diealeium silicate. 

Later investigators have also recognised the existence of some or all 

* Steffens, Stahl und Eisen, 1900, 20, 1X70. 

® Gallo, Gazzetta, 1908, 38, 11, I08. 

® Rohland, Ber., 1900, 33, 2831 ; ZeiUch, angew. Chem., 1903, 16, 622 ; 1900, 19, 327. 

* Le Chatehcr, Compt. rend,, 1883, 96, 1056, and later. 

* Tiimebohm, Ueber die Petrographic des Portlandzements, Stockholm, 1897. 

* See Tnoalcium ^ilicate, p. 126. 



138 


THK ALKALINE EARTH METALS. 


of these four constituents, Init opinions differ eonsidernbly as to their 
eoniposition.* In tlic niieroseojne study of structure some experinienlers 
liavc utilis(‘(l tlic different adsorjitivc jiowers of tiie various eoiistitiients 
for certain dyi'S.^ 'i’fiis ^?ives fjround for ri'j^ardin^^ some jiortions of the 
cement eJitiker as eolloujal. 

TJie only hndin/,^ upon which there seems to he ^uuieral a^u’ec'iuent is, 
tlial, Tortland cement clinker consists of a complex mixture of calcium 
,'iluminatcs and silicates, either as a more or less Iiomotjcneous solid 
solution,® or as a lietcro^eneous mixture of different solid solutions or 
of single chemical individuals. 

The setting of eement is a more eomjilex phenomenon than the 
setting of jilaster.* The reaction with water is very ineomplele, heeause 
even the most jierfeetly mixed eement still contains a large proportion 
oj' unchanged inatiTial alter si'tting and hardening. Jlegrmding of set 
cement gives a jirodiiet Avhieh is still hydraulic. llwIroKsis of the 
silicates and alumiuatt's evident l\ takes jilace, because crNstals ol caleium 
hydroxide arc observed in the set eement. There is no .sueli eeitainty. 
howe\er, as to the nature of the resulting silicates and aluminali's. 

Tliere are, •broadly, two theories as to the mecliamsm of tlu' setting 
and hardening processes in IVirtlaiid cement : 

(//) The crystalloid theory which was originally put foiward and is 
still maintained by Le (’hatcher® Aeeoiding to this, the setting of 
cement is to be c.xplamed similarl\ to tlu‘ sidtiug of plasli-r of Paris, 
The anliydrous cement dissolves to form a solution sipiersat urated 
with rcsiK'cl to the hydrated eomjiounds. These er\stalhse out in a 
confused mass of interlocking erystals, thus giving to tlu' ])roduet its 
mechanical strength 

{b) The colloul tlieory for which Michaehs is iesponsil)le.“ Michaehs 
regarded setting as due to the formation of gelatinous hulrated silicates 
and aliiniinates, and hardi'iimg to the sul)sc(juent drMiig-up ot tlase 
hydrates forming hard, glue-hke masses, inijicrvioiis to v\ater. Any slow' 
(Ty.stallisatioii taking place in the midst of this colloidal mass is to be 
regarded a.s injurious rather than benofieial. In set eement onl\ two 

' ICapiK'ii, a , laors 29, .‘{70. MS' ./ So< /«»/. uni."), 24, 4')S , .l.imrlK*, 

Zitlsdi nitoiij r//cw,. lull, 73, 2U(1 , 1012,74, 12S , 76, .l.'t" , lUl 1, 89 , U.m , , 

Zeihfh, tiiijd Min, lUIl, 48, 418, Slu'jUicitl, Kankin, .uvl Wuglit. Zvit'-dt. ttnonj 
, 1011, 71, 10, liankia and VVimlit, ihid , 1012, 75, l>8 , lOI."), 92, 218, Jnirr 
J Sti , 10ir», f4|, 39, I, Kulil, Tonimi Zul , 1011, 38, Oir), mh ./ Su< ('hem. Ind , 
•014. 33, 815, (’aiiipbetl, Tonmd Zcif , 1018, 37, 1007, M-a ./ Sor. Chem litd , 1014, 
33, 25; J ind. liinj T/a /«,, 1014, 6 , 700, ms* ./ -sVa (-hen Ind, ION. 33, 004, ./ Ind 
Eng ahem, 1017, 9 , 048, m*p ,/ Sor Chem Ind, 1017, 36, 1280, Hates, Amo 

Coamic Snr., 1018, 15 , 420. m*o J Sor Chem Ind , 1014, 33, 81 , Hatton, ./ Chon Ind 
1917, 20, 701 ; 1918, 2i, .800, M*e ./ Sw Chem Ind, 1018, 37, 59A, 1()S.\ , Han- 
cock, App. ('hem Repoth, 1020, 5, 222; Nouinaiiii, Rlahl und A’t.vfw, 1018, 38, 0.58 

® Kohlund, ZeiLich iinorg (Mie.m , 1007,56, 40, Uimdouaid, Coinpt rend, 1007, 144, 
1047, Stern, ZciUsch anotg Chem, 1009, 63, 100, Keisermann, KoU Chem Ikihtjic, 
1910, I, 423; Blumonthal, Rihkal-Zeit/trh., 1914, 2 , 43, m‘c J. Roe ('hem hid. 
1914, 33, flC4 

* Richardhon, Tonmd. Zeit , 1903, 27, 942 , (Campbell, J. Amei. Chem. Roe., 1904, 26, 
1143. 

* See p. 08 

1.0 Chatehor, Ann. Mines, 1887, [8], ii, 413; J. Roe Chem Ind., 1888. 7, 847; 
Trans. Fatwlay Roc., 1919, 14, 8 ; see also Schott, CJiem Ab-i , 1922, 16, 1498. 

« Michaohs, (';hcm Zeit , 1893, 17, 982 , Der Etharlungsp}ozc<t<i d(r kalkhaltigen hy- 
drauhschen HindemiUel, Diesdou, 1909. Zeitsrh Chem Ind, Kolhide, 1909. 5,9 . mjo J. Roc, 
('hem. Ind., 1909, 28, 830, .see aKo (’olony, Rchool Mines Quart, 1914, 36, 1, boo J. Roc. 
Chem, Ind., 1915, 34, 801. 
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constituents should Ik- observed nneroseopieidiy : a colloidal inednim 
surroiindin<T particles of unaltered clinker.^ 

Le (’hateher admitted that, in tin* initial staj^es. the conslitiienls 
may be in a colloidal condition. He considered, ho\\e\ er, that t lieri' is no 
proof tliat this jiersists, even thoii<,di tln‘ particles m the hardeiu'd eemeiit 
may not be rceo^ii usable a,s true crystals, since they arc too small to be 
detected. 

Von Cdasenaj)}) observed a elian^ro m Portland cement aftci Ihree 
\ears. He ascribed this to the shnv eonversioii of colloids into 
crystalloids. 2 

Dcseh® pointed out that Le (‘hatclicr \M)rked with dihilc solid urns 
and Miehaelis with eoneentrated Tins, aeeoidmif lo llatschek,' would 
account for the difference betwei'ii their views, In'caiise it is will known 
that sli^dilly sohihle substances may be obtained eilliir as ^cls, as Ihc 
familiar crNstalline jirceipitates, or as sols, dcpcndin^^ on the concen- 
tration of the reactiufT solutions It is also jio.ssible Jor the on;.,nnally 
formi'd ^rel to assume ^raduallv a coanser crystalline stria (me. In 
}fau}'m<^ cement a comparatively small quantity of water is used, and, 
therefore, eoneentratc'd solutions are here iindiT coiisideffdion 

A eonsiderahle amount of w'ork has been done in the I niled States 
(ieoplRsieal Laboralorv and tin* Ihireau of Standards on the consliliilion. 
si'ttiny, and hardenm<i oi Portland cement. ** and the eoneinsions nia\ be 
summan.sed brielly here. Janie, ahiiniiia, and silica are the only essiaitial 
constituents of ^mod cements. Well-burned clinker <‘ontains three 
compounds callable of indepeiidi nt existence: a-dicaleiimf silieali'.** 
tnealemm silicate, and (riealcium alummale. If burnt at too low a 
temjieratiii’e, or for too shoit a time, fie<‘ lime and the coniponnd 
jCa().3.\loHj are also ])reseiil The initial set is jirobablv caused bv 
the hydration of tnealemm ainnnnate, any free lime hem^( also h\ draled 
to an amor[)hous jirodiiet which ervstallises later. The hardening, and 
the develojmieiit of cohesive strength, are hioiii^ht about b\ the slower 
h\ ((ration of Lriealeium silicate winch forms 30 pi r cent, of the elinkiT. 
This jiroccss eoiitiniies for about a month, iiie dicalciiim silii'ate 
hydrates still more slowly to a <,u’aniilar jiorous mass, free lime and ^nia- 
Imous silica beiniJt formed. Snbsi'qiienl partial crv.stallisation takes 
place 111 the ^(elatiiums hydrated material, tielatmous .silica is probably 
the chief cemcntiiif^ afjfcnt. i'he value of the ahiminate lies, no donhl, 
in its action as a lliix in the biirnmj^ of the clinker. 

Small (juantities of foreign salts inllucnce the rate of siitm^f of 
cement.’ Uohland rejrarded the elfeet as ealalylie.** 

' See also Ambioiui, Tomnd Zni , l!)05l, 33, 270, ."in- J X'or <'hun Iml , I'KIO. 

* v(jri ( Jliisenajiii, dluin Zeif , 19H, 38, .788; .il.so ISii|j|iin<l, ('(inn hid 

KoUoidc, lyi I, 9, 21 

® Desc’h, 7’/a»w Fanidaif Sne , HMD, 14, J 

* Hatschek, tbid., (73. 

® Rankin, tbid, 23; Klein, ibtd., 14, Neumann. Slalil iml liuen, 11)18, 38, M.7.] 
See also Little, this serii'S, V’ol IV , p. 78. 

* Thero seems to bo some confusion in tlio naming <tf the isoinorjiJious dii'iilciiirn 
silicates, by thoa-orthosilif'ato is here indicatoil the hvdraulic coiii|>oun<l whiohis tjlil aim'd 
by rapid cooling from above 1410° (■ . see p 120 

’ Compaip Plaster of Piiri.s, p. 08 

® Rohland, Zciisch. angeu' ('hem , 1003, 16, 622 , 1906, 19, ,'}27 . Znheh EhkUochnu , 
1904, 10, 893; Witt, Philippine J. En , 1918, 13A, 29, see J. Eoc. (Jhem ind , J918, 
37, 336A Tbit SCO .Tordis, Zcil^irh EUkhorhrm , 1904. 10, 938. 
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Fineness of grinding increases the rate of setting and also the 
tensile strength. 

Portland ecnieiit should he of a bluish or greenish -grey colour, 
yellowness indicating insullleicnt burning. 

A satisfactory Portland cement clinker should pass the following 
tests ^ 

Fincii€,s,9^ The ground cement clinker should not leave more than 
• 14 })cr cent, on a sieve of mesh 180 to the linear inch, and 1 per cent, on 

one of mesh 70 to the linear inch. 

CJicmical Com'podtion . — The proportion of lime to silica and alumina, 
after deduction of the jiroportioii necessary to combine with the sulphuric 
anhydride present, wh(‘n calculated (in chemical equivalents) by the 

formula '^*'**>^ greater than 2 85 nor less than 2 0. 

kilUg I-AI2VJ3 

The insoluble residue must not exr’ced 1 5 per cent. ; that of magnesia 
8 per cent. ; and the total sulphur content, calculated as sulphur tri- 
oxidc, 2 75 per cent. 'Hie total loss on ignition must not exceed 3 
per cent. • 

Seiiing-thne . — Unless an especially quick-setting cement is specitied 
or reipnred it must have an initial seUmg-time of not less than 20 
minutes, and a Anal setting-time of not more than 10 hours. For a 
quick-setting cement the initial set should be not less than 2 minutes 
and the Anal 30 minutes. The time of initial set is the interval betwec'ii 
gauging ai;fd partial loss of plasticity, and the tune of linal set is the time 
required to attain suAicicnt Armness to resist a certain dcAnitc pressure', 
usually applied by a loaded Vicat needle. Gary s method of deter- 
mining the setting-time is to follow the changes of tcnqieiature. Thcrt' 
IS a considerable rise in temperature at the Arst set and a second rise at 
the Anal set.^ 

Tensile Sirvngth.- 'fins is determined by the force required to jiull 
apart a dumb-bell-shaped briquette. It varies ^ith the quantity of 
water, tem|)eraturc, and time of .setting. Briquettes kept m a damj) 
atmosphere for 24 hours, and 111 water for 0 days, must liave a tensile 
■ strength of not less than tOO lbs. per square inch, and, after 28 days, 
540 lbs. per square inch. 

Soundness . — This test is made by Le Cliatelier’s metliod. The 
apparatus is a split cylindrical mould by which the expansion ot the 
cement after treatment with boiling winter can be measured. This 
expansion must not exceed certain delined limits. 

Small quantities of gypsum, up to 2 per cent., may be used 
with safety as a retarder. In excess of this it produces unsound- 
^ ness, apparently due to the formation of calcium sulpho-ahiminate, 
3Ca0.Al303.3CaS04.xIt20.® The destructive action of sea-water on 
cement and concrete has been ascribed to the formation of this com- 
pound,* but there seems to be reason to doubt tlus.® The destniction of 
, concrete, however, by surface water, peaty water* sewage, or sulphate 

^ British Standard Specification for Portland CemcrU, 1920. 

* See also Kilhg, Zement, 1919, 8 , 499, 511, 630, 648, soo Chem. Abs., 1920, 14 , 3616. 

* Candlot, J. Soc. Chem. Ind., 1891, 10 , 140; Deval, Bull. Soc. d'Encour., 1901, roi, 
.[11, 96 ; Tonind. Zetl., 1902, 26 , 913, 1081 ; J. Soc. Chem, Ind., 1901, 20 , 991 ; 1902, 31 , 

267, 971 ; Klom and Phillips, J. Wash Acad. Sci., 1914, 4 , 573. 

^ ‘ Foirson, Zeitsch. hydr. Zement, 1910, i, 151, see J. Chem, Soc,, 1911, 100 , Abs. n, 

204. 

, llebuffat, Gamlla, 1901, 31 , 1 , 66 , 1902, 33 , u, 168. 
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■ solutions & probably to be attributed to it.^ This action may be pre- 
A’cnted by the replacement of alumina by iron oxide.* 

Magnesia is a cause of unsoundness, because it hydrate.s much more 
slowly than the other compounds, thus causing changes in \ohune after 
the setting of the cement.* 

Mention has already b(*en made of the unsounducss produced by 
exce.s.s of limi'.'* According to Krdahl, hoAvcver, unsounducss is due, not 
to free lime, but to dicalcium silicate, which disintegrates or “dusts." * 

The destructive action of sea-water is ]>robabl\ due to the crystiillismg 
of alkali salts in the pores.® and is best overcome by making inijierMous 
to water. ^ 

Iron Cement. When ferric oxide replaces alumniium oxide in 
cement, calcium ferrites arc probably formed. Percy* combined lime 
and ferric oxide at white heat. Hy adding limc-wat(‘r to a neutral 
solution of feme chloride and igniling the resulting precipitate, a coin- 
])ound corresponding to the formula ('aO Fc./) , i.s obtained.* Pelouzc 
obtained It'aO.FcoO., In precijntation.’* According to Diifau, however, 
the imrc couijwund caimol be isolated because it is iin.stable.” 

Hiljicrt and Kohlmeyer,’'* on .studying the lichaMoifr of mixtures 
of calcium and ferric oxides in the cle(*tric furnace, coneliided that 
tlic folIOAVing (‘ompounds existed : calcium orthofernte, JlCaO Fe.^On, 
melting-point U1(P disintegrating like calcium orthosilicati' on 
cooling; .’K'aO.’iFcjOg, melting-})oint 1 1j(P ; 5Ca0.;3Fe20_,. formed 
bv reaction in the solid .state* at 122(F C. ; ‘iC'aO.JlFcjOa, melting-point 
I too" C. ; and ])robal)ly calcium mctaferritc, ( aO.Fe.^O.,. foritied below 
the eutectic temperature. Tlu'y found also that mixtures containing 
calcium oxide of a molecular ])crccntagc of 00-70 arc hydraulic. 

Cooling cur\c and micrograjihic mvestigation.s seem to indicaU* the 
])rcsonce of only mono- and di-caleium lerrite.^* 

From a fused mixture of lime, fiTric oxide, and alumina, mixed 
crystals contamiiig both ferric oxide and alumina crystallise out. The 
cooling curves of fused mixtures of .silica, lime, and ferric oxide 
indicate the formation of ferrous silicate and a double compound, 
2F(*2Si04,3Ca.,Si()4.» 

More lime can be safely inirodueed into cements rich in alumina than 
into those rich in fcrri<* oxide. Feme oxide, like alumina, acts a.s a llux.^® 

' NitzHchc, Zfitsch. awjrw C/iem , 1919,32, 21 

* Michaelis, Kni'li'^h I’atcnt, .‘17GH (lOOlJ, seo ./. X'or Chew Jnd., 1902, 21, 17.5 

' Llluossru'i, ./ tSor ('hem inrf , 1902, 2i, 199.5 ; Campbell,./ Ind Kmj , 1910, 
8, 1101, SCO ./ tioc. Chew Ind , 1917, 36, 3.9. 

* iJee p. 137 

* Erdahl, Concrete (Mill Sect.), 1920, 16 , 23, spo Chetn. Ahs , 1920, 14 , 2403 , hou alsij 
Schott, Chew Ahs,, 1922, 16, 1494. 

* Bate.*!, Phillips, and AVig, J Franklin Inst., 1913, 175, 66. “w* J. Soc Chem. Ind., 
1913, 32, 196 , IlcbulTat, loc. nt 

’ (lardner, J Franklin Imt,, 1915, 179, 313. see J. Soc Chem. Ind., 1916, 34, 434. 

» Percy, Phil. Mag , 1873, [4], 45, 455. 

« List, Ber., 1878, ii, 1512 

Pelouze, Ann. Chm. Phys,, 1851, [3J, 33, 5. 

» Dufau, ibid., 1897, [7), 12, 257. 

Hilpert and Kohlmoyer, Ber , 1909, 42, 4681. 

Sosman and Merwin, J. Acad. Set., 1916, 6, 532; Campbell, J. Ind. Eng, 

Chem., 1919, 11, 116. 

“ l^hwanov, J. Soc. Chens Ind., 1916, 35, .307. 

Campbell, loc. cit. 

« KOhl, Tontnd. Zeti., 1914, 38, 537, see J. Soc. Chem. Ind., 1914, 33, 355. 
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Ill tlir* hydnitioti of iron Portland crnicnt, tricalcium ferrilo and 
iVrrons silicates arc I’onncd.^ According; to Ludwig, ferric oxide con- 
trihiilcs nolliiiin to th(‘ liardcnintr of tlic cement, and acts only as a 
flux l)y iorinin” a liisihlc f^lass witli alumina, no combination with lime 
takin^f place, and jirobably none with silica. ^ 

Concrete, ('onercte structures were well known to the Homans, . 
and those of,their buildinjrs which still (‘Xist, for exam])]e the Pantheon, 
b('ar witness to tlie excellence of tlicir work. 

('oncrete is obtained by binding together Avith cement an inert 
fragmentary material known as the aggregate, and consisting of gravel, 
limestone, granite, broken bricks, or .some other similar inutcnal. A 
graded aggr(‘gat{‘ is better than a uniform one, and the strength of the 
concrete depends on the strength of the aggregate and tlie distance of 
sejiaralion of the particles, ('oncrete struetiircs may be rduforceil by 
steel rods in such a way that tensile stresses are takiai as far as ])ossible 
b\ the steel, and com])rcssion stresses by the concrete. 'I'hi' ehit'f 
d<uigt'r in the use of reinforced eoimrcle, cs)U‘ciall\ for shijis, lies in the 
possibility ()1 llu' ])enel ration of wab'r or saline solutions to the iron, 
Itu' consi'([uent rusting causing expansion and Imaiking uj) of the 
concrete.^ The action has liecn ascribed to an el('ctrol\ tie cffeid.* 

In the use of i‘onerelc tanks discrimination should be cxcicised as 
to the Inpiids introduced into them.*^ Acids, csjiecialh those which 
form sotublc calcium salts, must lie avoided.** 


('AIX'IUM AND TIN. 

Calcium Stannate, CaO.SnO.^, mav be obtained as small, trans- 
parent, s([uare plates bv fusing togidhcr staiinu* oxide and calcium 
chloride with a small (plant ily of calcium oxide at red heal for several 
hours, cooling, and washing with w’atcr and very diluti' h\ drochloiK* 
acid. It is not atta(‘ked l»y acids and \Try little by fus(*d sodium 
carbonate. 

A hvdrated compound, (’uO.SnOo .511./), is formcal by adding 
liotassium stannate to a solution of calcium chloride and heating to 
100'' (’., when the gelatinous pivciiutatc first sejiaratcd is converted 
into small, colourless, transjmrent crystals, ap])arcntly cubical in shajie. 
It IS insoluble in water, but dissolve's in cold hydrochloric or nitric acid, 
forming lim])id solutions which gelatinise on heating.'^ 

Calcium Chlorostannate, CaSnCl^j.hHgO, obtained m very 
d('li(picsccrit, colourless, rlionibohedric crystals,® is a compound ana- 
logous to the chloroplatinatcs, but less stable.® 

‘ Blumcnthal, J Soc. Chem Ind . 1914, 33, 904. 

2 Liulwip, Tonivd Zeii , 1901, 25, 2081, 2112. J Soc Chun Ind , 1902, 21, 250, 
see uIm) Ziilkimiski, Chrm ind , MIDI, 24, 420, see ('hem, Zenh , 1901, a, .'jW 

* Creiphton, Ttans Faradaif Sot 1919, l6, l.'ViV, Friend, Ttans ('onertU 1917- 

18, 9 

* Rosii, MeCoIliini, ami l*etcis, Tech Capet't Hitt, Stand Washtnt/ton, 1913, No 18, 
soc J Soc. Chem Ind , 1914, 33, 480. 

" Andrews, Chem Age, 1919, i, 012. 

* n<'iso, Concieic, 1920, 17, 109, see Chem Aim, 1921, 15, 299. Theie is a gonoral 
discus-siou tin the Setting of Cements and Plasteis, Ttatm Fataday Sot , 1919, 14, 1. 

’’ Ditte, Compl. tend , 1883, 96, 701 

“ Topboo, Jahresber., 1874, 177. 

* Biron, J. Itiise Phi/s. Chem. Soc., 1904, 36, 489 ; soo also Loviv, C'Aim. Phys., 
1840, [3], 16, 306. 
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A l)roinoslaimat(', CaSnlirg.GlIoO,’ and ii Miljdiostamuitc, *21 'aS.SiiS^. 
1 arc als() kn(n\ii. 

Calcium Silicostannate, CaO.SiOjj.SnOo, is prt parcd l)\' lu atnii; 
sdi(“a with staiiiiic oxidt' and calcmni cliloridc.^ It I'oniis a laiiflit while 
(Tvstallinc ]K)W'd(‘r similar lo sphi'iie. 


(AUll'M AM) LEAD. 

Calcium Orthoplumbate, Cad’bO,, js ohlainod as a nahhsli com- 
pomid l)y the action of an at red luat on a mixture ol lead oxuh' and 
eah'iiini carbonate'.* Kassner siii»>iesled the use' of this e-omiioiind h»r 
th(' exlraetion eil ownc'ji 1‘ioni the' air ^ \1 SSO the* elissoeial ion 
le'usion IS 17 mni., anel al 1100 f. 010 mm'' It Ibrius a hxdi.iti with 
t meilee-ule's oj wale retl cr\ stallisatioii. 

Calcium Mctaplumbate, (hiPbO ,.4IIoO, is foriueel b\ heal in*,' 
llu' ortho|)lumbale alone' eir iii presene«' ol potash’ H\ lualin^f in an 
ne ar ‘2.)0 water is lost and a re'eldish-breiwii jiowdeu’ (bnue'd, jirobabK 
e'outaiinni^ a small ejiiantitv ol e-ale'iuiu perjihimbale'. Cal’i^O^}. 

Kassiu'r suei^e'sb'el that e'ah'iinu phnubale mioht be useel to e*\ielise* 
potassniin lerroew anide lo ^e'rlle‘^ ainele'. e'aibon ehoxieh' be'inj^ passi d in 
lei neutralise' the' potassium ]i\ dreixiele' hiimeel The' le'sielunl mixiuie 
of e*ale'nnu anel h'ael e-ai beii.ile s e-ould be- re'iraiishu nieel inte) e’ale'Uiiu 
pliimbate by he atin^^ in air '' 

Acid Calcium Plumbate, CaPbO,.n,PbO,. or eaU'iuui eh- 
plumbatc, IS loniK'd alonir with lime' b\ h<'alnu> the' me taphnubate with 
wate'i’ uneh'r ju’essure' Itv he-atinii. hairthe wate'i is elrne n eiH' at OK) (' , 
probably rorrnini^ I he* interme'eliate' eeuu|)e)unel. eah'iuiu teirapliinibale, 
Ca^lloPb^Oji, anel the' le iuaiiieler at OHO - (00 ('. 

( AIXTUM AND TITANIUM. 

Calcium Metatitanate, CaTiO,,, is louiid naturally as the' mine ral 
paoii'skite, densitv 0 07-1-01. It may be' e>btauie'el artiiieiallv b\ 
t'usin^r litanium eixfele anel caiciuineaibouale' wath peitassiuin carbonate' 
eir e'aleium e-hhiriele.** There are' |)re>bably twei moelifieatieuis eif the 
titanate At hieli tenijicrature'S it Ibrms he)mo}»e'm'ems seiliel solutions 
with ealciuin silie*ale, but at lower le'iujie'ratures, when wollasleuute' is 
formed, the seilutioiis split iij) intolheir e'omponenls.'^ (See also (.’ale'iuni 
Silieotitanatc.) 

Calcium Fluotitanate, CaTiFg.SIL^O, is obtaineel by elisseilvin^r 
calcium carbonate in an ucid solution of litaniuin lluoride, and allow iii^^ 

‘ I’lcis und Oayinan, Cfum Zvnti , ISSU, 770 

® Date, ('(mpt it'iid . 1S82, 95, (Wi. 

•* Ooiirf'coi'', ibid , 1S87, 104, 201 

’ Kiissner, Arrh Pfumn., 1890, 228, 0)9. 

Ka'?‘>ncr, Chetn Zat , 1898, 22, 22.’) 

® Li' Cliatedu'i, Coiupt rend, 189.3, II7» 199 

' Kos^nor, Arch i'hium , 189.'), 233, 607, 1899, 237, 409, sco also (JrutziK'i and 
llohnd, ibid , 189.'), 233, .612 

Ka.Hsiier, Chnn Zril , 1889. 13, 1701 

® Kitssnor, Arch Phftrm , 18i)4, 232, 37.6. 

J-:i)('Ime*n, Ami ('him Phifs' . 18.61. [.31, 33, .34 , Compt rend , 18.61, 32, 710 

" Ildiirgeois, ('ouipl rend , 188(5, 103, 141 

Smolensky, Zeitsch. atwig. ('hem, 1912, 73, 293, 



" to crystallise. It is possible that a small quantity of a dihyilrate, 

. isomorjihous with the corresjiomiing strontium salt, may also be formed. ‘ 
It is partially split up by water. 

Calcium Silicotitanate, CaSiTiOj, occurs naturally as the mineral 
iitaniie or sphene in yellow or bluish-green monoelinic crystals of 
density .‘5*3 3'7. The synthetic compound, prepared by fusing together 
calcium oxnje, silica, and titanium oxide, forms blue crystals of melting- 
point When heated to bright redness in carbon dioxide * 

saturated with water vapour at 50° I'., calcium titanatc is formed. 


CALC1U3I ANT) ZIRCONIUM. 

Calcium Zirconate, CaO.ZrO,, is prepared by fusing ealeiuni oxide 
or ealemni chloride with zireonia.'* It forms cubical crystals similar to 
ealeium sfannate and titanate. 

Calcium Silicozirconate, CaO.SiO 2 .ZrO 2 , isomor])hous with 
ealeium siheoslannate and sphene, is obtained by fusing ealenim oxide 
with zircon.® • 


C ALCIUM AND BORON. 

Calcium Boride, CaB^, may be obtained h} heating lime with 
boron or by redueing ealeium borate with aluminium in presence (d‘ 
carbon in the (‘leetne lurnaee,® and also by the action of bone acid on 
calcium Carbide.’ It may b(‘ pre])ared in a purer form by heating 
ealeium wnth ealeium metaborale under pressure and extracting witli 
dilute acetic acid, followed by dilute hydroclilorie acid, and Jin. illy hot. 
water, when ealeium lioride is left as a light bro^^n crystalline })owder of 
density 2 11 at 18“ C.« 

Its ])roj)erties were studied by Moissaii. It is hard enough to 
scratch ruby, and melts at the temperature of the eleetrie are. 

It is attacked by halogens, but not by hydrogen at red heat. It 
burns when iicated to bright redness in air. Below 1000' C. it is not 
attacked by water, but is slowly decomposed by halogen acids m the 
gaseous state at red heat. It reduces eoiieentratcd sulfiliuric acid with 
evolution of sulphur dioxidi*, and reacts with nitric acid and other 
oxidrsmg agents. 

Calcium Bofates. - (‘aleium borate is found m nature as horo- 
cakite, CaB 407 . 4 lI.p, colemannifc, CaaBeOn.-^lUO, and paudennite, 
CaaBeOn.IIIIaO', tlie latter being used for the extraction of bone acid. 
Calcium borates, varying in composition according to the conditions of 
formation, may be obtained by the action of boric acid on calcium 

' Mangiiac, Ann. Mtnen, 1859, [51, 15 , 221 

* Hautefouille, Ann. Chim Phys., 1855, [4], 4 , b54 , Michcl, Compt. rend., 1892, 115 , 

830 , Smolensky, loc. cit. j Dourgeois, .4?m. Chim. Phya., 1883, [5], 29 , 474. 

* Hautefeuille. ibid., 1885, [4], 4 , 163. 

* Hjortdahl, Compt rend., 1866, 61 , 213; Venable and Clarke, J. Amer. Chem. Soc., . 
1896, 18 , 434 

* Ouvrard, Compt rend., 1891, 1 x 3 , 80. 

« Moissan and Williams, ibvd,, 1897, 125 , 629 ; Moiasan, Electric Furnace, English 
tranalation (Williams & Norgate), 1908 r.' 

’ (leelraiiyden, Compt. rend., 1900, 130 , 1026 ; Stabler and Elbert, Ber., 1913, 46 , >* 
2065. 

» Wedekind, Ber., 1913, 46 , 1885 ; see also Muthmann, Wew, and Mct/.ger, Annalen, 

' 1607, 355 , 137 ; Stock and Ilolle, Ber,, 1908, 41 , 2095. ' » 



' CAKSnilM AND ri^ tobipodnds. ' ' 

hydroxide, or liy precipitation or fusion of a rnleiiiin salt with an alkali 
borate.^ 

U) studyiii^r tlu‘ ireozin^-poini nirve of niixtuies of calciiini oxide* 
mV conlirnied tlu* rvistmcc oftlu* coinpoimds, 

r. I2‘2.r(\; (aO.HjOj. nicltiiii^-poinl l()!>i) ; 

a and po^siliK JK aO.Uj^) l)y the* |)ositioi) of the inaxinia on 

tlu* (;nrve “ The llatn(\ss of tlio curves at these ponds. liow(‘\ n\ indicate 
considerable dissociation on fusing. • 

The heats of formation of the different anhvdrons ealemm borates 
are as follows ^ - 

‘iJi.Oj i (aO ‘iH.O^raO S Cal. 
i ( aO lUO j.CaO > ;i0 J) Cal. 

IJaO., i 2(’a() l{I()',.2Ca() ' IS .5 ( al. 

B.Ot ISCaO lC,(Vl(’a() f (12 2 Cal 


Hy j)reei})italioii, h\drai(‘d eomjioiinds .ire lornied. K(|ni\alent 
quantities of ealemm ludroxide and bone acid ^wv ealemm inelaborate 
hexahydrate. Cat) H^O.hH.O, ANhieh is a])par<nlh the stable* form at 
ordinary temperatures Aeeoreliny to .Me^ erhofCe r and v'.m ‘t lleiff, an 
unstable* ex-tetrali\ elrate* nun exist abo\e 2f C \t 10 C, in eoiilae*! 
with a 10 per eriit. seiluliem of sodium ehleinete*. this is Iranslbrmeel mlei 
the stable* p-tetrabydrate.* Mande'lbanm e)btame*el an ameirplums 
compoimel, probably a te'train elrate*. In preeipilaliem at OO'-TO' and 
tins. all<*r a lew (Imns. jiasseel mto a er\stalline‘ he*\ahyeirate‘, ii‘ le‘fl m 
eontael with water 'I’he soinhililv enrve*s of both 1he*’te‘lra- ami h(‘\a- 
Inelrates show deeideel maxima he*twe*e*n (m .mel 70 C, and (*nl at 
ti ( e'xidenllv the transitiem pemd.*’ Hv heatim; the hexahyelrale tei 
lO.V C twei-thirels of the water is elrive*n eifl, le*aMn^r the elih\ elrate* Irom 
w’lncli the* re*mamni;,f wate'r can onlv lie remo\eei at re-d he at ; lor I his 


reason Manelelbaum su»^r<.ste*d the* feirnmhi CaO' 


()- H(()II)2 


the hexahydrate*. 


'"0-11(011)2 


A tetrah\ (Irate* has also been obtain(*d eleetiolytieallv.*' 

H\ the action ol bone acid on the inelaborate* hexah} elrate, !\h*yer- 
holler and van 't IToff obtani(*(l tlie eoinpoimds C.i0.:iH„03.12Il20, SIF.,0 

and MljO, as well as 2 CaO.;jll 2 O,,. 01 [ 2 () and 511,0. “ » 

A double sodmm ealemm borate may lie pivjiarid and also oeeiiis 
naturally as the mineral boionatrocalriU’.'^ 

Halogen Compounds of Calcium lioratc. Calcnim eliloroboiales, 
dt aO.C aClj.oBgOj and dCaO.CaClg dHgO j, may be obtained by fusing 


oJ ^ 783, 187.>.8o,490; d»»e Chuif /%s 188:1. [.U 30, 

248 Jiedii, J. paU ChciiL, 18.>4, [1], 61, 4.'{7 , J 8,^.5, ll|. 64, m , Rose, .himkn. 18.12. 

1872, 8, 10. lie'iiexlikt, 

^^^^1034 oluiiidf CAcm Xnvn, 188(5, 54, 208, Le* ( ’liatoli(*r, ('nmpt. rend., 1801, 


* £“ortler, Zeit^ck army Chem , 1904, 40, 3:17; see^ eilso Oiivranl, Compl. rend , 1901, 
132, 267; 1905, 141, 351, 10*22. 

® (Jriyeau, Compt rand, 1918, 166, 993 (Inveau smeill cal., luit Him can 

scarcely bo correct. 


* Meyerhoffer and van ’t Ilolf, Annakn, 1907, 351, 100, ^e'o also van 't llulT and Ilehii, 
ASt/zMttj/aier. K. Akad Wmk Berlin, 190H, 38, 05:i. 

ManelelbauTn, ZeiUih mwry Chem, 1909. 62 , 370 
® Com and CaHtcllani, Aul H Aicnd Lincri, 1908, f5|, 17, 11, GRl. 

Mill 't Hoff, Bitzunysbei, K iknd. IKhw Berlin, 1900, .>00 
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bbrTc anhydride and caldium cMoHde in various proportions’ 
'with or without lime,^ Two strictly analogous bromoborates have also 
been similarly prepared, * but no iodine compounds. 

Hcrzclius obtained a gelatinous fluoborate.* 

Calcium Silicoborate, 2 CaO. 2 SiO 2 .B 2 O 8 .H 2 O, is found naturally 
as th(j mineral datholite, and can also be prepared artificially by the 
action of a solution of sodium borate on calcium silicate at high tem- 
peratures and pressures.^ 

Calcium Borostannate, CaO.SnO 2 .B 2 O 3 , prepared by fusion, is 
identical with the mineral nordenskidldite.^ 

Calcium Perborate, CaBaOj.xHgO, is formed by precipitation 
from calcium chloride and sodium ])erborate.® It is decomposecl by 
water with the evolution of oxygen. 

CALCIUM AND IRON. 

Calcium Ferrites Jiave already been described under Iron Cement, 
p. Ml. 

Calcium Ferrate, CaFe 04 . — If a solution of bleaching jiowdcr 
be heated with a small quantity of ferric chloride, a rose-red solution of 
calcium ferrate is obtained.’ 

DETECTION AND ESTIMATION OF ( ALCIUM. 

Dry Tests. -Volatile calcium salts give to the non-lummoiis ilame 
a brick-re/l colour which may be confused with that due to strontium. 
The spectroscope, however, affords a means of distinguishing between 
them, calcium being best charaetcrised by the rays G‘22() and 5535 A.“ 
The rays most sensitive photographically are J-22() 7, 39G8 5, and 
8033 7 A.» 

When heated on cliarcoal with sodium carbonate, ealeium comiiounds 
are changed to the white infusible oxide which is brightly luminescent 
whilst hot. 

It is stated that as little as ()‘0()2 grm. of calcium carbonate 111 1 grm. 
of the mixed alkaline earth earlionates may be detected by heating 
0-5 --1 grm. of the mixture in an ojieii porcelain dish with a Teclu burner, 
extracting with water, and then testing the filtrate with phenolphthalein. 
A red colour indicates calcium.’” 

Wet Tests.— llicsciifeld and Pfutzer found that the siiectroscopic 
method may be made very sensitive by producing an arc between an 
iridium electrode and a small quantity of solution. For a concentration 
of 0 0002 mgm. jicr c.c. the lines 0162, 4227, and very faintly 5580 A 
may be detected.” 

‘ Lo Chatelier, Compt. reni., 1884, 99, 276 ; Ouvrard, ibid., lilOl, 132, 257 ; 1905, 
141, 351. 

^ Ouvrard, \bid., 1905, 141, 1022. 

’ Berzelius, Pogg, AnnaUn, 1824, 2, 124. 

* do Gramont, Compt. rend., 1891, 113, 83, 

8 Ouvrard, t6td., 1906, I43, 315. 

* Molikolf and l^ssarjewsky, Ber., 1898, 31, 678, 953; see also Byk, German Patent, 
248683 (1910), see J. Chem. 80c., 1912, 102, Abs. u, 1171. 

' ’’ Bloxam, Chem. News, 1886, 54, 43 ; Bosell, J. Am&r. Chem, 80c., 1896, 17, 760. 

Riesenfeld and Wohlers, Ber., 1906, 39, 2628. 

* de Gramont, Gfmpi. rend., 1920, 171, 1106. 

Raikow, Chem Zeii., 1916, 40, 781. 

" Riesenfeld and Fftitzer, Ber,, i913, 46, 3140. 



y In the ordinary course of analysis tlio- lilkalinc earths arc usually 
separated as carbonates by the addition of ainnionia, ainmoniuni chloride, 
and ammonium carbonaUs to the warm solution containing? only 
calcium, strontium, barium, ma^ncMum, and the alkalies, la tlie 
cold the reaction is not very sensitive. Xo precipitation will take jilacc, 
for instance, in a cold calcium solution containing Ic.ss than ‘Jj mgni. 
per litre. Ammonium chloride, which must be added to jne\eiit the 
precipitation of the magnesium, also decreases the sensitii eiuss. .V 
' boiling solution of sodium carlioiiute will jiroduce a precipitate in a 
solution containing only 1 ingm. of calcium per hire. In tins easi> 
magnesium also is ]nvcipitatcd and must be separated. ^ 

The washcil carbonates are then dissolved in acetic aeid. anti when 
barium and strontinm have been removed by various intdliotls, a.s 
chromates, suljihaics, sulphites, or iodates,* ealeium is nsiiall\’ pie* 
cipitated Avith animoninm oxalate.® 

Instead of the oxalate, })rccipitation as lluoriile,* or as the tionble 
ealeium |)otassnim rerroeyamde,® has been suggested. Preeipitation 
as feiToevanide can only he carried out in the presence o(>\rontnim and 
not of barium.* 

Instead of ilissohmg the carbonates m acetic acid a different pro- 
■ cediire may bo adojilcd. A solution is made in nitric acid and cva])orated 
to dryness on the w'ater batli. 'fhe ealeium nitrate is evtracleil by a 
mixture of equal jiroportions of alcohol and ether." or by amyl alcohol.** 
the solution evaporated, tlu* residue dissolved m water, and th(‘ calenim 
precipitated as oxalate. 

Variations on tlu'se tw'o proccs.ses appear in most text-liooks of 
qualitative analysis. 

AftcT reinoial of silver, inereurv, and part of the lead from tlii^* 
original solution by hydrochloric acid, the insoluble siilphat(*s of ealeium, 
strontium, liarium, and lead may be precipitated, and the lead sulphate 
removed by ammonium acetate solution. The remaining snlpliales 
may be either converted to carbonates,® or reduced to sulphides by 
lieating with carbon, dissolved in acetic aeid, and separated by one of 
the usual methods.^** Care must be observed, because the alkaline 
earth siilpliatcs, especially ealeium. have a quite apjireeiahle solulnlity 
in ammoiuum acetate solution.^^ From a mixture of the alkaline earth 
sulphates, calcium sulphate can be removed by ammonnim citrate 
.solution. 

' Koltholf, f Aar? TO. We^l^Uid, 1920, 57 , 1229. 

® So (5 Strontium and Barium, Detection. 

Rcichard, Chern. Zeil., 1903, 27 , 1035; Boinslict, J. Amer. ('hem. iSoc., 1900, 28 , 
1696; Bray, ibid., 1909, 31 , 611, Hinda, lAit/., 1911, 33 , .110; van don Bos, Chem. 
WetkbUtd, 1913, 10 , 665. 

* Karaoglanow, Zeiiach. ami Chern,, 1917, 56 , 138. 

- ® Caron and Raquet, Bull. Soc. cAito, 1906, [3], 35 , 1061 , Baubigny, ibid., 1896, (31, 

13 , 326; Compt. nnd,, ioO?, 144 , 1^42; Gilmour, Vhejn News, 1915, III, 217. 

' * Flanders, J. Amer. Chem. Soe ,■ 1006, 28 , 1509. 

’ BUnbrfiuer, Chem. Zext., 1911, 35 , 766; Moser and Machiodo, ibid., 337; Rose, 
Pogg. Anmlen, 1860, no, 292. ' 

* Browning, Amer. J. Set., 1892, [3j, 43 , 60, 314 , Chem. News, 1892, 65 , 271, 282 ; 

' 66 , 3 ; JahreJber., 1892, 3532. 

* Curtman and Frankel, J. Amer. Chem. Soc., 1912, 34 , 1493. 

Brownmg and Blumenthal, Amer. J. Sd., 1911, [4], 32 , 246. 

7 » Marden, J. Amer. Chern. Soc , 1916, 38 , 310. 

” Teodossm, Bull. Soe. chim. Romdnia, 1921, 3 , 34, see J Chem. Sor., 1021, 120 , 
^bs. u, 621, 
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A folour test has (l(‘sml)t*(3 for the detection of calcium in 

tlie ])rc,seiicc of barium and strontium. If a few crystals of })yro{^allol 
and a few dro])s of alkali arc added to a 2 })cr cent, solution of the mix- 
ture, an intense violet colour indicates calcium, or, if the alkaline earth 
solution IS diluted with half its \olume of alcohol, and a few drops of a 
1 p(‘r cent. <ralhe acid solution arc added, followed by an alkali hydroxide, 
a rose-red jm'cipitatc shows the presence of ealeiurn. There are also 
conlirinatory colour tests to be applied only in the absence of the other 
alkaline earths.’ 

For tlic (piahtative microehcmical analysis of the alkaline earths, 
th(‘ lodates may be ])reeipitatcd by iodic aeid.^ Calcium may also be 
detected mieroehemieally m the presence of stronliiim and barium, by 
evajioration of an acetic acid solution nith excess of sulphuric acid. If 
the residue be treated with a little natcr and the solution evaporated 
after the addition of a small (piantity of acetic acid, characteristic 
crystals of ealemm sul[>hate may be seen under the mieroscfipc.® 

As small a (piantitN as ()().> jier cenl. of calcium may lu' deti'cted 
under the mieroseojie, m the |)resence of strontium, by the jirecijiitation 
of ealemm anftnomum arsiaiate, Ca(Xir4)AsOj.7lIoO.^ 

Gravimetric Estimation of Calcium. -For quantitative deter- 
mination, ealemm is usually precipitated as the oxalate. The neutral, or 
slightly anunoniaeal solution, which should contain no other metals 
besides magnesium and alkalies, is treated with ammonium chloride, 
heated to boiling, and jireeipitated by the addition of a boiling solution 
of ammoAiiim oxalate. On standing, the prcci])ita1c becomes coarsely 
crystalline and settles to the bottom of the beaker. A little more 
ammomum oxalate is added to ensure complete preeipilation. The 
jirecipitatc is washed, first by decantation, and then on the lilter with 
a hot solution of ammonium oxalate. It is then dried and weighed, 
after conversion into oxide by strong ignition,-'^ or into eaiboiialc by 
gentle heating with or without ammonimn carbonate.’’ It may also be 
converted into siiljihate b\ suljilnirie aeid,^ or lluoride by liydrotluorie 
acid,” or, tinall\, it. may be estimated us calcium oxalate mono- 
hydrate,’’ l\V drung four or live hours at 10.)“ C. 

When magnesium is jirest'nt, ealemm has a great tendeuey to o(“ehide 
magnesium oxalate, the (piantity of the latter apparently depending on 
the eoneeiitration of muhssoeial(‘d magnesium oxalate in solution, and 
on the time of contact with the solution. Excess of ammomum oxalate 
should be used, and ammomum chloride,’* or ammomum chloride and 
acetic acid,”’ added. The concentration of magnesium in the solution 
should not be greater than 1 per eent.’^ 

When a proportion of magnesium not greater than 10 parts to 1 of 

' Schmvkot, Bwchcni. Znluch , 1913, 54, 285 

* DcrugtH, Compt. rend., 1920, 170, 990; soo also BoUaiid, ihid , 1820, 171, 955 

® Schooil, ZetLsch anal. Chem , 1909, 48, 401. 

* yorenaen, Zeitsch, anorg. Chem , 1896, II, 306. 

° Jarvinen, Zcttsch. anal. Chem., 1904, 43, 659; Robin, Compt. ren.d., 1903, 
137, 268 

“ IJiuncjk, Zeitach. anal. Chem., 1906, 45, 77. 

^ Souohay, ibid., 1871, 10, 323 ; Ficsenius, ibid., 326 ; but see Keitlo, Zeitach. angew. 
Chem , 1904, X7, 68.5. 

(loy, Chem. Zeit., 1913, 37, 1337. 

* Richards, McCaffrey, nud Bisbee, Zeitsch anorg. Chem, 1901, 28, 71 

(lard, Ptoc. Unit. Durham Phil, Hoc , 1916, 5, 234, aeo Chem Abf, , 1922, i6, 219 
“ Canals, Bull. Soc chim , 1918, [4], 23, 422 ; 1921, [4|, 29, 152. 
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caldiini is iDrcscnt, a })rrcipitatr fire from niafriicsium is supposed to he 
obtained by slow preeipitationd 

Sejiaration of ealeiuni, in the piesenei' of mueh larger <pianli(ies of 
ina^mesinm Ilian is jiossible ^^hen usin^ ainnioniiini oxalale, nia\ be 
aehieved by the use of aniline and aniline oxalale, or the eorrespondinjf 
iiuinoline or [lyndine nuxtures.-^ 

When, in sjule of all p^eealllion^, theie is a |U)ssibihty of.ihe jm-senee 
of oeeluded magnesium oxalate, llu* ealenim shouhi lx* u*dissol\ed 
and ivpreeipitated.^ 

(alemm may be jnreipitaled in I In* jijicsenee of niafinesimn as 
snlpliile b\ the addition of ainmomiim oi sodium bisulphite t(* 1h<- hot 
solution. It should then be tilteix'd, washed with animoma. lna(<*d 
with a little ammoniiim .snljihate and sulphurie aeid, diieil, i^mili'd, and 
W'eij>lied as snljihate.^ 

l’rt‘ei})ilation of ealeiuin as sulphate, iisiiiji^ ahsihol to dmiinisli the 
.solubility, ina\ also lie employed. lien* a^ain modilieations are neces- 
sary when maynesniin is present in lar^e e\<'<‘ss (okhI resiills may 
then be olitaimsl by lepeateil pieeipilal ion or b\ the esi' of lillimni 
sul|)hal(' solution m a mixture of Kt per cent. elly\l and !)() |iei eint. 
methxl alcohol. 'I'lu* precipitated >.aleiuni sulphate nia\ afli'rwards In* 
redissohc'd in li\ dioehlorie aeid and pieeipilatc'd as oxalate.’ 

'I'lie si'paration and estimation of ealemni as lun|islal<“ has also bc'c ii 
ixeomnieiided.'’ 

Kstimation ol ealenim in the presence of |)hos|)horus, arscMiie, or 
boron is earned out by preeipitation as oxalate with the a’lditioii of 
both aeetie aeid and ammonium ehloride.’ 

Volumetric Estimation, (’alemm may be* estimated voliiiiietri- 
eally by pieeipitatm;* the oxalate*, washm^^. dissolx mi; in dilute sulphurie 
aeid, and tiliatin^f with potassium permanj^anate. It is not advisabli* 
to have a \ery lar^ce cjiiantity of pieeijatate smee too mueh washin;^ 
IS reepnred and ealeium oxalate is appreciably soluble m pure w.itc'i 
The oxalate max be lilteied throiioh a (iooeh eriieible eontamm/r a 
[lad of asbestos jirevioiislx tieated with a warm solution of p<‘rinan- 
jjanate and sulphurie ai*id.’' Iiistc-ad ol sulphurie aeid, hydroehloi le 
may be used for dissoIxm<» the oxalate. The titration xvith p<*rmaii- 
f^aiiate must then be earned out at the ordinary temperature with 
the addition of nian/£anou.s sulphate to prevenl the evolution of 
elilonne.^" 

In place of titratm^r the oxalate in the precipitate, a known amount 

' IlliiMlaU', ./ Aiiirf C/n ni Sur , IJMlJl, 31, 1M7, 'C( al.io WiiiKIci, 'Aeihih iiiKfru' 
i'hnii , I'US, 31, 1S7, 211 

* IMuini.inii, Moudhli , Hill, 32 , lU.j 

■* Kortc-, Tkhik Vhvm Soc , lOOfi, 87 , l.jlKl, 

('an oil, Ann ('him. anal . J9J2, 17 , 127 

® Kallauiioi and Piollor, tVip/H Zed , 1912, 36 , 4111 4112; sw also JLiesNo, .Ihh Chim. 
anal., 1911, l6, 7; Miirrnann, Ztxturh. anni ('him, 1910, 49 , (588 , Stolborg, /.cituch. 
awjtic. Chem., 1904, 17 , 741 , Halia, Ohem Zcif , 1914, 38 , 100, Uloinbcrg, Ohem Werk- 
blad, 1914, ii, 1002 

® yamt-Sftmin, 6 ’o/«;d rend., 1913, 156 , 1019; but sop Smitli and llradbiirx, Her, 
1891, 24 , 2930. 

’’ Wmliler, Zextsch avgew. (Jhem , 1919, 32 , 1 , 24 

’ Donng, ibid , 1913, 26 , 478 

* Halvonson and Scluitz, J Ind fiJng dhem, 1920, 12 , 77 Stn- jiNo I’l-U'is. iimr 
J. Set., 1901, t4]» I2| 210, Itiwspr, J Ind. Kmj Vh-m , 1911, 3 , 82, Fo\, ibid., 1913, 
5, 910. 

Gooch and Fetors, ZcifocA anouj Uhtm , 1899, 21 , IS."). 



of ammbnium oxalate m&y be used and the excess in the filtrate 
titrated.^ 

Titration by change in electrical conductivity may also be employed, 
(’alciurn alone may be titrated as oxalate, sulphate, or carbonate. - 

In very dilute solutions calcium may be determined by micro- 
titration AVith p-aminophcuolazochromotropic acid if nickel is absent.'* 

For spc^'ial purposes special methods are employed. For cxairiplc,- 
in the analysi.s of water the estimation of temporary hardness, which 
is largely a question of the determination of calcium carbonate and 
magnesium carbonate yu terms of calcium, may be carried out by 
titrating with dccinormm suljihnric acid, using methyl orange as indi- 
cator, or preferably methyl red,^ 

Total calcium may be estimated by precipitation with ammonium 
oxalate and titration of either the precipitate* or the residual lupiid® 
with permanganate. It may also be determined by adding excess of 
ammonium carbonate thus making the calcium carbonate jiractically 
insoluble, but dissolving the magnesium carbonate- and then, after 
filtering the precipitated calcium carbonate, and dissolving in dceinonnal 
hydrochloric ^eid, titrating back with firtictli-normal baryta solution.’ 

J'iWC has given a summary of ten fliffercnt methods, gravimetric and 
\ ohiinctrie, of estimating calcium, and the degree of accuracy to he 
('xpected from each.® 

Electrolytic Estimation. -Methods for the separation and de- 
termmatioii of the alkaline earths by electrolysis of a solution of the 
clilondcs’have been suggested.® A rotating silver anode and a mercury 
cathode are used. 

’ Uoriiig, < (/ , (^n)^^ldd, , l{M7, 41 , 842 

^ Dutoit, J. Chim. phys , 191(1, 8, 12 , und 'witli Alojoiu, tlm / , 27 Sir .iI'mi DiiIjoun, 
Ch<ni Zenlr., l9iU, ii, loOd. See Quimtitatiw Kslimutiou t*t Haiium 

•• 13reniu'r, Chun .Ir/a, 1920, 3 , 99 

* Kay and Nowlaiid.'^, J, >Vor. Chem, Ind , 1910, 35 , 44.1. 

® llaio, J. Amtt Chan. iSoc., 1007, 29 , 1078. 

^ Unrgchs, Annlynt, 1907, 32 , 208. 

’ Kay and Nowliinds, J ('ftcni Ind., 1910, 35 , 147. 

“ ^Iwo, Ch(m Keii's, 1920, 121 , 5,3 

'' ('oohn and Kottombeil. Zeitf<ch, anoKf, Vhm., 1904, 38 , 198; ljukons niirl Sniitli, 
./ Amtr, Chan. Hoc., 1907, 29 , 14.)5 ; .Mo( 'utchoon, %bid , 144.'), (loldbauin and Snidli, 
ibid., 1909, 31 , 900. 
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STRONTIUM AND ITS COMPOUNDS. 
STRONTIUM. 

Symbol, Sr. Atomic Weight, 87*6:1 (0=10). 

Occurrence. — Strontium i.s a much rarer element than either ealenmi 
or barium. It is found principally as the sulphate, h’lrstine, and 
along with barium sulphate as bariflo-eelestine, or as the carbonate 
simitianite, isomorphous with aragonite and withcntc. C'alemm, 
strontium, and barium are interchangeable in the mineral hremferite, 
Il4[Ba,Sr,Ca]AlaSi«0j8*3n20. 

Strontium is I'ound in minute quantities in many rocks, espi'cially 
calcareous rocks, ^ in sea water,^ and in the ashes of sea jiliwnts. It 
forms 0*02 per cent, of the older part of the earth's crust.® li can 
replace calcium in egg-shells and bones, and traces have been found in 
the liver and muscles.^ 

History .--During the latter half of the eighteenth centurv there 
was found in the lead mmCvS at Strontian, m Argyllshire, a mineral at 
lirst mistaken for witheritc, and usually occurring m fibrous or columnar 
masses. In 1790 C rawford suggested that it might be a new eaiih, and 
this was confirmed by Hope and by Klaproth, 1792-179:3, and the name 
strontianite was given.® Strontianite was also mined at Munster and 
Hamm in Westphalia. The sulphate celestine was first discovered by 
Clayfield near Bristol, and was so called from the blue colour which it 
often possesses.® Strontium minerals were first mined in the United 
States in 1916, but the output has declined since then.’ 

Davy isolated the metal in 1808.® 

Preparation of Strontium. The methods ailojitcd for the separa- 
,ion of metallic strontium are similar to those already described under 
’alciimi. 

^ Dieulafait, Ann. Chtin. Phys., 1878, [uj, 15, WO; 1879, [SJ, 17, 387 ; Cornpl. tend , 
883, 96, 452 ; Hillobrand, J. Atner. Chtm, 80 c., 1894, 16, 81 ; CoUot, Compt. rend., 1905, 
4Xf 832. 

“ Dieulafait, Compt. rend., 1877, 84, 1303. 

* Clarke, The Data of Geochemistry, Bull. V. 8 . Geol. 8 nivey, 1916, Nu. 616, p. 34. 

* Wheeler, New York Agric. Exper. Stat., 1919, Bull 468, I, Roe Ckem. Abs., 1920, 14, 
!664 ; Mendel and Thacher, Atner. J. Phystol,, 1^, ii, 5. 

® Hope, Tratu. Boy, Soc Edtn., 1792, 4, 3 ; Klaproth, Crell's Annalen, 1793, 2, 189 ; 
794, 1,99 ; Pelletier, Ann. Chtm., 1797, flj, 21, 113 ; Guyton, tbtd., 1797, fl], 24, 216 ; 
(irwan and Higgins, CreWs Annalen, 1795, 2, 119, 206; Foiircioy and Vauciiielin, Ann. 
:him:, 1797, [1], 21, 276; 1799, fl], 29, 270. 

* Thomson, System of Chemistry, voL in, (Baldwin, Gradook & Joy), 1817, p 114. 

’ U.9, OeoL Survey, Deo. 5, 1920, sec J. Soc, Chem. Ind., 1921, 40, 194R. 

‘ Davy, Phil Trans., 1808, 98, 333. 
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Diivy (‘Irciroly.scd ,‘i ini-(turc of the moistened oxide or ehlorlde with 
red mereiirie oxide, usin^f a mercury cathode, the final product probably 
beiiiff a iieh amnl^^am.* Matthi(‘ssen used iron electrodes and an 
eleetrohte oi‘ fused slrontium chloride mixed with a little ammonium 
chloride, the temperature bein^ so le^julated that the surface remained 
solid.” Hy a similar method Horehers and Stoekem obtained jylolniles 
ol the metvl 10 mm. in diameter.’ In more recent times both tlie 
submerged cathode^ and the contact cathode’ have been sueeossfullv 
used III the electrolysis of a fused mixture of .strontium and jiotassiiini 
ehloridi s (see (’aleium). lly eiujiloymg the contact cathode, sticks of 
metal, 10 cm. long and 1 2 cm. diameter, have been obtained.'’ 

Alleiupts to prepare the metal by reduction with .sodium were evi'ii 
less sueeessfnl than in the ease of eah'ium, but by using a niixtiirc of 
sodium with lead, tin, or bismuth, allots of strontium have been 
obtained.' Winkler pri'pared a \ery impure product by n'dueing 
stiontiiiin oxidt' with luagnesmm.^ A very pure metal may be obtained 
taking slrontium amalgam as the slartmg-point. Tlu* latter ma\ be 
prepari'd eilhpr b\ the action of a 20 })er cent, sodium amalgam on a 
saturated soluhon of strontium ehloiuie at 00’’ or, preferably, by 
till' electrolysis of a solution of strontium chloride, using a mereiirv 
cathode. Distillation ut vm'uo eoneentrates the amalgam. li\ hi'atmg 
in hydrogen a little below 1000'' ('. the mereur\ can be lemoxed anil tlu' 
hydride formed. Alioxe 1000' t'. in vacuo the hydride is decomposed 
and the metal Nolatilised and eondeiKsed to a ])roduet of puiity !)8 (I 
00 per cent, strontium, which can be meri'asid to 00* t per ei iit by 
n'distillatioii m laeaa.’* 

Ileduelion of anhulrous strontium oxide by heating with thi' ealeii- 
lati'd amount of powdered aluminium for four hours at 1000 lu 
T7/eao also liberates luetallie stiontmni, winch eondi'iises to ervslals 
of 00' l. p(‘r cent. ))urit\, the yield being lo jiei cent, of the theo- 
retical. 

Physical Properties. -Strontium is a silver\-wlut(' I'lystalline 
metal of about the same liardness as lead The density, aeeoidmg to 
Guilt/ and tialliot,^'^ is2’().‘k All the vahxs gi\en by other investigators 
are somewhat low'cr, but that is probably due to tiie jiresenei' of im- 
purities. The speeitie heat is 0-07 12.*^ The meltmg-])oint is about 
800“ and the metal volatilises at a slightly higher tempeiatiire. 

The speeifie electrical resistance is 2 tSklO ’’ ohm per e.e.' ’ Metallic 

' St'i' mIm. lime, ./ luiiU (’him iStU, LM. 19, ->0 , ISll, [1 1. 22, 

- MaUlll«■^^^t'Il, Aiinaldi, IS.m, 94, 111 

■* llorcOioi's ttiid Zatiif'h. Klrktiocfu m , 101)2, 8, 7.">0 

' Traulz, Verh (Jen dail Nutiuf Aiitie, IlUJ, 83, a, 1, lOii, sec ./ ('firm Sui., li)12, 
102, Al).s 11, U4U , Zeiinc/i l-Jh kfKx/iein , 11)1.'), 21, l.'lO 

’ Ni-umann and Ocigvr, Ziihrh KUkttoffnm , 11114, 20, 187 , l!Hr,, 21, io2 
" iSci! also (lliisooL'k, J. Anirr. Chetn Sor , 1010, 32, 1222 
^ Caom, Compt. leyxd , 1859, 48, 440 , 1860, 50, 547. 

» Winklor, Her., 1890, 23, 120 

• Hnttger, J. prakt. Chevi , J834, [I}, i, 303 ; Fianz, ibid., 1869, [IJ, 107, 253. 

Guutz and lloederer. Bull Hoc. chim , 1906, [3|, 35, 494 

(Juntz, Compi, rend., 1901, 133, 1209, 1902, 134, A'tS ; (Juntz and Koodoror, ibid,, 
1906, 142, 400; Bull. Soc. ckini., 1906, [SJ, 35, 603 ; (Juntz and Bassolt, J Chm. phij'i., 
1906, 10, 1. 

tiuntz and Galliot, Compt. rend., 1910, 151, 813 

Gla&cock, he. cit, 

(Juntz and Hooderer, Compt tend , 1906, 142, 400. 

Matthiedsen, Ann. Chun. Phys., 1857. [3], 50, 192. 
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strontium is pliotooloctrirally srnsilivr, 1 *Ik‘ maxiimim (Ifcct lu'iuif 
o])taitu*(l uiidiT given ligiit.* The lonie inobilily of \Sv is .'il.- 

The most intense lines in I lie sjurtriim of stronfniin niciisiired in 
Angstrom units are the following'* . 

Are: ritra-\iolet: :W()7 (I. .'UO f 0 ; N'lsihle ; lOTT-h, 

121 5-7, WOo'O, KiOr.!, 1-812 0, IS;{2 2, 1872-7, t!)()8-l, .)220'r), r)|.5M, 
.5070- 1-, (»380'0, ();}88-r), (MaO-.); Infia-rcd • l(MW8-;h 10!)1()8, 2()2i;21.. 

S])ark: ritia-\ lolel : 2322 1, .‘{.‘ISO!), 31(;i-(J. 317rH); Visilde : 

.WKl-t), l():i()-r), 1077'!), 11(52 0, 12ir)-7, i;i0.3 (>, l(507-.5, (),70i;5, 08!)2'!). 

Chemical Properties.- -Stiontinm is moie eleetropositive than 
ealeium, hut may Ix less so at higher tem|K ialures.* It liiimshes almost 
immediately on exposure to the air. When liiiely jxmdered it igmles 
spontaneously, jirodiiemg the oxide and ml tide, and it hums m owgen 
with a da/.zhiig red (lame. It is readil\ altaeked hy the halogens, hy 
hydroehlone aeid and sulphiirelted hydrogen gases, and hy jihospliorus, 
arseme, ;md sulphur \apouis. At a hrighl led hejil it iiiules with tm 
and carbon. It leadilv decomposes walei, melh\l and etliyl aleoliols, 
and amime, gnmg hydrogen, hnl does not alfeel dry et^her or hydro- 
eaihons. It reacts with eaihoii dioxide at led he.il, loifnmg slionliiini 
eai hide and oxide It dissolves m Inpiid ammonia, and at asiilheiently 
high tenipi'ratme it absorbs hvdiogdi and nitrogen'’ 

Physiological Action of Strontium. Sliontnim salts aie not as 
a rule haiml'ul to the human hodv when pure, hut they aie oflen eon- 
laminated with barium.'^ In large subeutaneoiis doses they may slowly 
cause paralvsis.'’ The hioimde, iodide, nitiale, and lactate aPe iiseCul in 
eertain diseases, and stronlnnn will enter the hone m place of ealeiiim, 
hut is not to he legarded as a s.ilisl.-ietoiy siihslitule lor ealeium.** 

The chloride, Inomide, ])hosphate, nitiale, and acetate are feebly, 
and the iodide sliongly, to.xie to vegelalion.**’ 

Atomic Weight. Apin<Kvtni(itf Atounv 'I’he eijiiivalent of 

stioiilium 111 the majoiily of its eompounds is tl.. Its pro|)eilies indi- 
cate a position III tlu' Peiiodie Talile m the alkaline earth groiij), and, 
therefore, a valenev of 2, making thealoime weight about 88, Claseoek’s 
value for the sjieeilie heat, 0 0712, mdieates, aeeordiiig to Dulong and 
Petit’s Law, an aiijiioximate atomic weight of 8(1. 

EiVact Aioniic IIV /g/d. -- Ih-i/elms, m his alomie weight talile for 181 1, 
gave a value for the atomic weight of strontium which, when ri'ferreil 
to oxygen as 1(5, becomes 80 I, and is probably founded on tlie early 
analyses of Klaproth. The first recorded determination is that of 
Stromeyer,” who measured tin* volume of carbon dioxide evolved by 
strontium carbonate and foiintl an atomic weight of 87-3. 

' CiiMs yvnyv [Jj, 17, .’SJIS 

^ holiliauscli, Zntsch EhUrixhoii , 13, lU.'l ) 

-* Ataishcill Watts, Jndix of Spi-ctra, Agiu‘ii(li\ " C ’ (1911) (Uesloy & Sim, bimiloii; 
Ai)cl Hoywood & Sun, Maiw hcstor) Sen aUu T(iblt"i AnnueUfi dc Conslmtfa ct df 
DonnitH Nvmmqnes ((.iauthicr-VjlIairt «t Cjo), 1(5, aoI iv, pp .'{84, .‘588 

* Wilflinure, Zeihch phy.nlal. Chem , 19(K), 35 , 291, 

^ (lurxtz unit Kuederor, Cotrtpf nnd , 19(M5, 142, 140. 

® (iuntz and Roedortr, Ididl Soc. cktm , 1901), (3], 35 , .703 ; (Jlascock, ktc ctt. 

’’ IVlloticr, Anil. Chtm , 1797, [Ij, 21 , 113, Ldburdr, J CJunh. Idoc , 1891, 60 , Abs , 
99; 1892 , 62 , Abs., 227. 

* Moltzcr and Auer, Aimr. ./. Physiol . 1908, 2I, 449. 

* iStoeltzncr, Bwchcm Zeitsch., 11)08, 12 , 119. 

Coupm, Compt rend,, 1900, 130 , 791. 

" Stroraeyor, Schwetgyer' a J , 1817, 19 , 228. 



►ther early determinations are summarised in the following table ' ;— 


Date. 

Investigator. 

Number of 
Experiments. 

Ratio Measured. 

Atomic 

Weight. 

]82(J 

Hose 2 . 

• 


SrFIa : 2AgCh 

=100 : 181-25 

87 3 

1845 

Pelouze ® 

2 

.Srf'lj : 2Ag 

=73 478 : 100 

87 7 

1858 

Mangiiac * 

;i 

Sr( la-OlIaO : 2Ag 
=128 U2 : 100 

87-33 



;i 

SrCl, : 2zig 

= 136 208 : 100 

87 44 

’• 


8 

SrFlg : SrS 04 

= 100; 115 036 

87 40 

1859 

Dumas 

8 

SrClg : 2Ag 

---73 4079:100 

87 U 

1895 

Hielnfrds 

8 

Srllrj ; 2Ag 

= 11-1. 693 : 100 

87 029 



7 

SrHrg : 2.\gHr 

=05 883:100 

87 020 


Richartls made fresh deteriuiiiatioiis in 1905." As tlic mean of four 
titrations, he found that the ratio of a certain weight of silver to the 
weight of strontium chloride required to precipitate it is 100 : 70- 1<77. 
This gives a value of 87-020.* 

Finally, m 1010, 'Fhorpe and Francis carried out a nunibci of 
determinations with salts purified by extensive rccrystallisations. Their 
results arc recorded in the table on the following page. 

The International Commission on Atomic Weights for 1910 adopted 
the value 

Sr=87-63,« 

which is still retained (1025). 

Uses. — No use has been made of the metal as such, but its einploy- 
nient in the construction of photoelectric cells has been suggested.*” 

‘ These arc not nocossaiily tho valuer f^ivcn by the original mveshgator'*, but have 
' been rccaloulfttcd from their oxpcumental daUi using tho \ttlucs 

16 001 ) 

Cl= 35-467 
Br-^ 79 916 
Ag=: 107 880 
32 066. 

“ See Stromeyor, Fogg. Aiinakn, 1826, 8, 189. 

> Pelouze, Compt. r«7u2., 1845, 20, 1047. 

^ Morignac, Annakn, 1868, 106, 169. 

.} s Dumas, Ann. Chim. Phys., 1859, [3J, 55, 191. 

^ Richards, Ztitsch. amirg. Chem., 1895, 8, 263. 
f » Richards, ibtd., 1905, 47, 146. 

?’ ® Thorpe and iWcia, Proc. Roy. Soc., 1910, [A], 83, 277. 

• By the anode-ray method for the examination of isotopes, Aston, ^nlme, 1923, II2, 
.'449, finds only one oonsUtuont of atomic weiglit 88, and concludes tliat tho chemioal 
. atomio weight at present in use is too low. 

Case, Phy$. aemtw, 1921, [2], 17, 398. 




Number of 
Determinations. 

• 

Ratio Measured. 

Atomic WoiglitJ^ 
(llocalciilatod).' 

(i 

SrJlra : 2Ag U70 

87 6 U 

5 

SrKra : 2AgKr=0 65892 

87 652 

G 

SrClg : 2Ag -0 73490 

'87 64,S 

5 

SrClg : 2Ag('l -0 55311 

87 618 


Me 

an- -87 6tS±() 001(1 

1 

SrCla ; SrSO^ 0 863115 

87 672 

3 

Srlir2:SrS()4 -13171 

.S7 6 1 1 


Me 

an -87 658-] () 0107 


Alloys.- - Hy alloying? a little strontium with eoppe^ lor eastm/,rs, 

SI liartloi’ metal is obtained and blow-holes are prevented. The alloy 
may be prepared either by adding metallic strontium to the mi'll, or by 
electrolysing,^ fused strontium chloride, usiuj^r a copper eatliode. 'Fhe 
amount of strontium is not sullieient to affect the eleetrieal conduct i\i!v.* 
The alloys with lead, tin, and bismuth, obtained by ('aron when 
attenijitinfr to jirepare metallic strontium. ha\e already been mcniioncd. 
An alloy of strontium and zinc, eontamnif? 18 per cent, of tfie former, 
can be obtained by heating to redness a mixture of KM) grin, of /.me, 
.50 of .sodium, and 200 of strontium iodide.® An alloy with cadmium, 
may be similarly obtained, but .since cadmium is more volatile than 
zinc the alloy may be enriched up to about ta })er cent, ot strontium by 
heating ni vavuo. It lakes a fine jiolish when filed, but (juickly tarnishes 
in contact with air, being apparently not much less reactive than 
strontium alone. A Icad-strontiuin ailoy, of compo.sition Pb^Sr, and 
melting at 070° C\, has been desia-ibed.* 

Strontium amalgamates with mercury, probably with the forma- 
tion of dciinite compounds. DiiA'y prepared a strontium amalgam in 
his efforts to obtain metallic .strontium. According to Kerp and 
llottgcr,® the only true amalgam has the composition iirllgi.^, and 
is produced by electrolysing a solution of strontium chloride, using a 
mercury cathode, at a temperature below 30° C. Jly draining the 
product, hard white crystals, probably monoeliiiie or triclinic in form, 
are obtained. The compound begins to break up at 60° C., and is 
completely molten at 70° C. It is quickly oxidised on expo.surc to air, 

' Those .we not necess.irily the values given by the eiigmal inveHtigatoi^, biiilmve . 
been recalculated from their exijonmentu] data using the values : 

Or-- 16 000 
a« 36-467 
Br= 79-916 
Ag= 107-880 
S--= 38-065. 

* U S, Geol. Sutwy, Kec. 5, 1920, see J, tfor ChfWK tnd., 1921, 40 , 194R. 

® Gautier, Compt rend ,1901, 133 , 1006. 

* Piwowarsky, Zeiisch. Met^Uk., 1922, 14 , 300, wo J. Chew. Soc, 1922, 122 , AIh'. 11 , 
644. 

’ * Korp and Bdttger, Zeiisch. anorg. Chm., 1000, 25 , 35. 
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Other loniiiilii', however, Iflave been given, for example Srllgn, which, 
on s(pieezing under ‘200 kgm. per sq. cm., is said to form Srllgn in 
eubieal crystals.* 13y heating these amalgams under special eoiulitions, 
silver-white crystalline products an‘ obtained, of hardness ‘2 3, and of 
eoniposition eorrespoiiding to the formula’ Srjilgs and Srllg,,. The 
amalgam Srllgn is apjiarently unehanged when centrifuged or submitted 
to a pi'cssure of 5000 kgm. per sq. (’in. m an atmosjihere, of (’arbon. 
dioxide, 'rlie richest amalgam obtainable contains 52 per cent, of 
strontium. Wlien heated the whole amalgam distils.- 

An alloy of strontium and iron, eontammg about ‘2.‘J per cent, of 
strontium, ma\ be obtained by heating the two metals togi'ther at low 
redness. The alloy slums a hard, bright, hornogc’iusuis surface on lilmg, 
but soon tarnishes. It readily decomposes water.-’ 

Alloys \Mth lead or tin, for example 5 ])er cent, of strontnim \Mlh 
05 p(‘r (‘(’III. of Im, are beginning to lind a iisi’ eommereiallv as deoxidisers 
in the jiurdiealion of metals and allovs.^ 


^ COMPOUNDS OK STllONTUhM. 

General Properties of Compounds of Strontium. Tin stron- 
tium ion IS (‘olourh’ss and dixalenl. Colourc’d salts are onb obtained 
with a coloured union. Slronlmm salts aio usc’d ehielly in p\ roleelimes 
and for UK’diemal purposes. 


STRONTIUM AM) IIVDROtiKN. 

Strontium Hydride, SrHg. -Winkler first obtaiiu’d the hvihide m 
an impure stall’ by heating (‘qni\al(mt quant it u-s of strontium oxide 
and magnesium at a low i<'d lu'at m an almospheie of hydrogen. A 
slightly sintered, greyish-brown, rcadih oxidisable jirodiiet was formed 
to which he ga\e the formula Srll.'*' 

(iaiitier [irepared a white eompoimd of eoinjiosition SrJU by heating 
a 15 percent, alloy of si unit mm with (’adniinm, niixi’d with 7 8 percent, 
of strontium oxule, m a mekel boat m an atmosphere of h\drogeu, to 
meipient red heat. When absoiption was eonqileti', the eadmium could 
be eompleti'ly volatilised b> raising the teni])eratur(’. lly lusion. I he 
hydride was made more eomj)act, and so k’ss easily a fleeted by the 
atmosphere.'’ 

lleferenee lias ahx’ady be(‘n made to the formation of strontium 
hydride as an intermediate stage m the preparation of metallic strontium 
by Guiitz and lloedercr.’ The absorption of hydrogen by pure strontium 
begins at about 215° C., and proceeds vigorously at 260° C.** 

The heat of formation of the hydride from its elements is 38-4 ('ah, 
calculated from the dissociation pressure at different temperatures, or 

* Kt’i[). Zatsch. anoKj. Vfiou., 1898, 17, 305 , Uuutz and liult. iSoc. chun , 1897, 
i3J, 17, 390. 

* (juntz and Roodcror, Bull. Boc. chim , 1906, [3J, 35, 404. 

® Ulaiscock, J. Atner. Chevi. Soc., 1910, 32, 1222. 

* Vickers, Metals (i7id Their Alloys (Ciosby Lockwood & Son), 1923, p. 46. 

•' Winkler, Bet , 1891, 24, 1975. 

* (Jautier, Compt. rend., 1901, 133, 1005; 1002, 134, 100. 

’ See p. 152. 

« Dafert and Jliklauz, Monatsh., 1913, 34, 1686. 
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3t-7 Cal., f'alculatcd from the heat of reaclian with water and the heat 
of formation of strontium hydroxide solution from strontium.' 

Strontium hydride is a while hyjrroseopie body of meltini^-poiiil 
above 050° V} It deeomposi's water very readily, with e\olulion of 
liydrojien and considerable rise of lem])eratiire. It reacts with elilonnc 
w'hen the temperature is slijfhtly raised, and with biomine \aponr at 
dull red lu'at, but not with iKpiid bromine even on boiliii};. It also 
reacts with the i apours of sulphur and lodiiu* at r<’d heat, ami is attaeked 
by nitrogen at about 000° (’.“ At 70° ami at a jiKssure f^n aler tlian 
atnio.spherie, it reacts with sulphur dioxide, •’ivinf* strontium hvdiofrcn 
sulphite.' In dry air it is very stable, and burns onl\ slowlv at red heat, 
but it reacts more viporouslv m oxyf*en and with oxidising a^i iits. It 
is a powTrful rediieiii" a^nait.^ 

(jautier found that dissociation of stiontnim h\dnde Ik'oiiis at about 
075° C.,'* but. according' to Ephraim and Michel, dissociation pressure 
measurements are diHieull to carry out aeeniately, beeaiisi' there is 
absorption of hydrofieii by the metal, oi hydride.’ as well as eoinbmation, 
ami also solution of the hvdride m the metal. Thesi* mvesti^uitois 
found the follow m^f dissociation pressiiics for a prodifet conlamm^^ 
35 per cent, excess of strontium metal . - 


Teniiieralure, °C. 050 0!)2 725 751 770 H03 817 

Ihessure, mm. II}^ 200 300 400 500 000 700 700 


Strontium hyilridc is less stable than calcium hydride and more so 
than the barium eompoiind.” 


STHONTHTM AND THE IIALOCJENS. 

Strontium Fluoride, SrF^, is obtained m regular oetahedral 
crystals by fusion of strontium chloride with potassium hwlro^nn 
fluoride'' or with sodium fluoride,'" or of strontium iodid<* wiih man- 
f»anese fluoride." It may also lie jirejiarcd by the ])reci])itation of 
strontium ehlorule solution w'lth potassium lluoridc, neutralisation of 
stiontnim oxide or carbonate by hydrolluorie aeid,''^ or by the action of 
^raseous hyilrofluoric acid on strontnuii chloride at red heat." Tin* heat 
of formation of strontium Ihioride from its elements is 237-()2 t'al.'® 

The dcn.sity is 4-20-1-21.," and tlie melting-point 1 K)()" On 


’ (iiint'/, Compt, rend , 1902, 134, H.IK 

’■* Datort .an<l Miklauz, Monrit-'ih , 1919, 34, I OH.'* 

' llautior, CompL reful., 1902, 134, 1108. 

* Mojs«an, ibifl , 1902, 135, t}.").'}. 

(laiitier, tbid , 1002, 134, 100. 

“ (iaulier, ibid , 1902, 134, 1108 , but wo (lunt/., tbtd., 1902, 134, 8.38. 

’ (ilautier, loc at. 

* Ephraim and Michcl, Ileh'. Ckim. Attn, 1921, 4, 900 

* Poulenc, Ann Chim. Phip , 1894, [7], 2, 29 
Roedcr, Dmert , Gottingen, 1803 

” Defac-qz, Ann Chtm Pliiji , 1904, 18], i, 337, 

Borzelnw, Pogg AnnaPn, 1824, I, 20 
” do f’orcrand, Cotnpt. rend , 1911, I53| 27, 

** Schroder, Jahrrdier , 1879, 31. 

Winter, Visicrl , Lcip/ag, 1913, we ./. Ohem Hoc, 1914, 106, Abs. ii, 120; »eo also 
Plato, Zetbich. phpikal Ckem., 1907, 58, 350 ; J’oulenc, he ciL 



rlicating in air at 1000° C. a certain amount of strontium oxide is forniecl. 
Hydrochloric acid passed over it at red heat easily decomposes it into 
strontium chloride and hydrolluoric acid. 

The solubility of strontium fluoride in water is only slight, being 
1171 mgm. per litre at 18° C., as determined by conductivity methods. ^ 
The heat of solution is - ‘2-1 Cal.^ 

Strontium Chloride, SrCl.^, was first prepared by Crawford in 
1700. It may be obtained by direet combination of its elements, by 
the action of chlorine® or hydrochlorie acid on strontium oxide at high 
temperatures, or by neutralising strontium hydroxide, carbonate, or 
sulphide with hydrochloric acid solution, evaporating and fusing the 
residue in a current of hydrochlorie acid gas.^ On a large scale it is 
prepared by the action of calcium chloride on strontium carbonate.'* 
It may be obtained in a gelatinous form by precipitation under suitable 
conditions/ 

The heat of formation of strontium chloride from its elements is 
lO.vOO Cal.’ The melting-point is 87 1° C.® The density is ‘2-95-3 05® 
at ordinary temperatures, and at the melting-point 2*77.^® The specific 
heat is 0-1 199.*^ The following values have been found for the s])ecific 
electrical conductivity of the fused salt : — 

Temperature, ° C. 873 900 950 1000 1050 1100 

Ohms-^ per e.c. 1-92 1-98 2-U 2-29 2-13 2-5« 

The decomposition potential of strontium chloride at 880° C. is 
3- 1. volts/® and of the salt dissolved in jiotassium chloride and calcium 
fluoride to bring down the temperature of fusion, 3-0 volts at 615° (!., 
whilst the temperature coefficient is 0-715 x 10"®.^* 

Strontium chloride is decomposed by superheated steam, giving 
hydrochloric acid,^® and when heated in contact with air it loses chlorine, 
forming the oxide. Bromine partially replaces the chlorine at high 
temperatures.^'* 

Anhydrous strontium cliloride is very hygroscopic, but not (juitc to 
the same cxlciil as calcium chloride. It dissolves m water with the- 
evolution of 11-14 Cal. of heat per gram-molecule.*^ 

‘ Koltliauhch, CVern , 1908, 64, 129 

* do Forcrand, he. cit, 

® Weber, Pog<j. Annakn, 1801, II2, 619. 

* Duma,s, rlw/i. Chim. Phy»., 1859, [3j, 55, 191. 

'' Wackonroder, Dingl poly. J., 1884, 253, 440 , 1880, 262, 143. 

® von Weimani, Zeifsch, Ghem. Ind. K(dl., 1908, 3, 89 

’ do Fororand, loc. cit. 

* Winter, lac. cit ; Arndt, Zeitsch. Hlektrochem., 1900, 12, 337 ; Plato, ZeiUch physxkal. 

1907, 58, 350. See also Braun, Pogy. dnnalen, 1875, 154, 190 ; Oarnelley, J Ghem. 
jSoc., 1876, 29, 489; 1878,33, 273; Le Chatelier, ffull. Soc. chim,, 1887. [2], 47, 300; 
Jkfoyor, Kiddle, and Lamb, Ber., 1894, 27, 3129; MoCrao, W^ed. Atimlen, 1896, 
55. 95. 

,/ • Filhol, Am. Chim. Phy6., 1847, [3], 21, 416; Schiff. AnnaUn, 1868, 108, 23; 
Schrader, Jahesber., 1879, 31 ; , Winter, loc. cit. 
i J^uincke, Pogg, Annalen, 1869, 138, 141: 

” Rognault, Ann. Chim. Phya., 1841, [3], i, 129. 

, ' Arndt, he. cil. 

Arndt and Willnor, Zeitsch. "Ekki/fochem , 1908i 14, 2l6. 

‘ Neumann and Bergve, ibid.^ 1016, 21, 162. 

1® KrauB, Pogg. dnnolcn, 1838, 43, 138. 

- 1® Potditzin, Bcr., 1874,7, 733 ; 1875, 8, 766. 



The following values have been found for, the solubilities at different 
temperatures ^ ; — 

Temperatun^, ° C. -17“ -IT -5“ -V 2“ T 18“ 35^ ru® 04' 

Grams SrC'l, por 100 2G 5 28 6 29 3 30 8 31 3 31 7 33 7 37 8 43 8 401 

gnims solution 

75“ 98'* 105“ 118^ 132“ 153' 175“ 215 250“ 

46-5 40 6 50-7 520 52 5 55 7 60 5 641 67 3 

• 

There seems to have been some doubt as to the nature of tlie solid 
phase in the neigliliourhood of T/S® so that probably equililirinm was 
not reached. 

Harkins found that hydroehlora* aeid diminished the solid olity of 
strontium chloride from 51 00 inilli-eqiin alents per litre at 0 to niilli- 
equivalcnts in a solution containing 5275 milii-equivalcnts of hydro- 
chloric acid per litre.® 

The solubility in alcohol is not very great.-* 

The boiling-points of concentrated aqueous solutions lune been 
studied by Gerlach.'* A .solution containing 487*5 gtm. of the anhydrous 
chloride in 100 grin, of water has a boiling-point of 117° Free/.iiig- 
poiiit determinations of both dilute® and eoncenirated ® solutions have 
been made. Aqueous solutions have also been studied from the point 
of view of surface tension,’ compressibility,® viscosity,® electrical eon- 
duetivity,^® density,** and vapour pressure.*® The equilibria between 
strontium and ])otassuim amalgams of different eoneentrutions and 
solutions of stroiitiuni and jiolassiiim chlorides have been nivesLigated.''* 

Tlw Hydrates of Strontium Chloride. -Vapour pressure measureni(*nts 
indicate only a hexa- and a di-hydrate,** although Etard suggested the 
jiossibilitv of a mono-hydrate. 

Strontium Chloride Ilexahydratey SrClg.tiHaO, crystallises from solu- 
tions at ordinary teinpcrature.s.** It forms colourless hexagonal needles 

, 1 Etard, Ann. Chm Fhys , 1894, [7J, 2, 533 

® Harkma J Amer. Chew. Sor , 1911, 33, 1851; see al«o Engri, Ann Chiw Phys,, 
188S, |6|, 13, 376 ; Ditto, ibid., 1881, (5|, 22, 559 

^ tJt''raulm, tbid., 1865, (41, 5, 150, Eiosomus, Annulvn, 1846, 59, 127. 

* iJoilach, 'Aeilsrh anal. Okem., 1887, 26, 442, .502, soo abo Kremois, Fogy Annalen, 
1854, 92, 497 , Logrand, Ohtm Fhys., 1835, [2|, 59, 436. 

® Arihomus, Zeil^fch. phyetkal. Chan, 1888, 2, 491, Loomis, W\ed. Annalen, 1897, 
60,' 523 ; Jones and Chambers, Amr. Chew J., 1900, 23, 94 , Bdt/, Zeitsch phymkal. 
Chm , 1902, 40, 185 j Jones and Getnian, itnd , 1903, 46, 244 

® Kiidorff, Fogg. Annakn, 1872, 145, 699; do Coinx't, Aim Chun Fhyn., 1872, (41, 
25, 524 ; 26, 110. 

’ Tjmberg, Wied. Annnkn, 1887, 30, 545. 

* Schumann, tbid., 1887, 31, 14. 

* Wagner, Zeitsch. physit^l. Chem., 1800, 5, 31 

Kohlraufich and Holbom, Leitvermdgen der Elektrolyte {K G. Teubner, JjOipzig), 1808; 
MacGre|[ory, Wied. Annalen, 1894, 51, 126 Jonea and Chambers, Amer. Chem J., 1900, 
23, 89 ; Jones and Getman, Zeits^. physikal. Chem , 1903, 46, 266 

“ Gerlach, Zettsch. anal Chem., 1809, 8, 252, 283; Kohlrausch, Wied. Annalen, 1879, 
, 6, 38. 

*; Tammann, Wded. Annakn, 1885, 24, 549; Zeiisch. physikal Chem., 1888, 2 , Rof., 
^ 46 ; Biltz, ib\d., 1902, 40, 185. 

. Smith and Rees, J. Amer. Chem. Soc,, 1918, 40, 1802. 

.} ** Baxter and Lansing, ibid., 1920, 42, 419; Andreae, Zeilsck. physikal. Chem , 1891, 

" 7, 248; Frowein, tbid., 1887, i, 5; L^ooeur, Compt, rend., 1886, 103, 1260. 

Etard, Ann, Chm. Pkys., 1894, (7], 2 , 633; see also Pareau, Ifterf. Annalen, 1877, 



Iflp’ THE ALKaUNE EARTiff METAt^S. 

isomorphous with calcium c^hloridc hoxahydratc.^ The density is 1 ‘nS t.® 
The heat of foriiiatioii of the h(‘xahydrate from the anhydious salt 
and water is 18-Gl- Cal., and the lieat of solution is - 7-50 Cal.'^ The 
va})our pressure at 25° C. is 8*87 mm.* 

The hexahydrate is very soluble in methyl alcohol, niiieh more so 
than in ethyl alcohol.''' 

The temperature of transition to the dihydrate has been carefully 
determined *hy Richards and Yngve as 01*31° C.^* It is lowered by 
eoiitael of tlie salt with a solution containing hydrochloric acid ; at 
25° C. tlie two hvdrales are in (*(]uihbrmni with a solution containing 
2*11 per ei'iit. of strontium ehlonde ami 27*11 per cent, of aeid.'^ 

Slrojitiuw Chlotide Dihfjthnfe, SrCK.2ll20, crystallises from solutions 
above tlie transition point m slightly dQh(im\seent prisms. It may be 
obtamed at ordinary temperatures from a solution of strontium chloride 
in concentrated hydrochloric acid,® or by passing hydroelilone acid gas 
into a saturated solution of strontium ehloiide. TIk* lu'at of hydration 
of anhydrous strontium chloride to the dihydrate is 9*00 Cal.‘' 

There appears to be no record of the tenpierature of transition from 
the diliydrate^to the anhydrous form, but it is not below 130° (’.*** 

Addition Compounds'.- Anhydrous strontium chloride absorbs dry 
ammonia, forming a \oluinmous w'hite pow'der of approximate eom- 
])osition, SrCh.8Nlf;j. The dissociation pressiue is 100 mm, at 3-5° C. 
There is also a monammoniate, SrCh^.Nlia, which has a va|)our pressure 
of 100 nun. at 15*5° C, The heat oT formation of the oelammoniate is 
0-98 ('al.,< and of the nionammoniate 10*5 Cal. at O' (’ , 12 5 at 78° C., and 
13*1- at 108° Addition compounds are also formed with h}droxvl- 
amine, 2SrCl2.5Nll20H.2ll2() and 2SrCl2.0Nll2()lI.3lK l.II/ld*' and 
one with glycine, SrCl 2 . 2 Nil 2 ClI 2 COOII. 3 lIX).** 

Dtjubh' -On the following page is a list of the double salts 

formed by strontium chloride 

It has been suggested that double salts in solution may contain the 
ion SrClf 

Strontium chloride forms mixed crystals or solid solid ions, Init not 
compounds with calcium chloride,*^ barium chloride,'** and lead chloride.*’ 


‘ Mnugnac, Atm Mine'f, lHr)l), 1.51, 9, 3 

® Sohrndpr, Jnhtesbfi , 187U, 31 , I'lcirKo 1 904 ut 10 T'’ Amct ('him J , 
1883, 5, 240. 

■’ 'rhoinsen, 'I'ket mochnni'.lrif, Knjrbsh tiandation by liuike d-‘‘>a«in!iii.s, k ('o ), 

1908, 02, 04 Fiji the liMt (tf hyili.dion ])or i^iaiii-molopulo of watoi 

(lor rit ) found 3 190 C-il 19 14 (\il foi tlip total licat 

* Ra\toi anti Laiismp, hr cit ; Sehuinb found 8.52 111 ni , J Am<i. ('hem. Sor., 
1923, 45, 342 

'* Lobry do Hruyn, Zeituch physiLal ('hem , 1892, lO, 787 

'* Kiphard'^ and Ynpvo, J. {nier Ch<m Soc , 1918, 40, 89, sen also FtHid, lor., rit 
^ Milikan, Znt^trh. phyeikaJ ('hem., 1918, 92, .503 
K, ” Ditto, dan. Vlnm.. Phifs., 1881, [5|. 22, .5.59 
Mejv® Thomson, lor nt. 

55, 95. '^tard, too. cit. 

• imol, i. Zeitach. anorg. 0km, 1922, 124, 322; seo also Rose, Ann. (Jhitn. Phys., 


8chr5dor, ■/aArf.ilC. 

' Quincke, Rums. Phys Chem, Soc., 1905, 37 , 476 
, 11 Rognault, Awmon Modolski, Zeitsrk. physiol Ohm, 1912, 8 i, 329. 

' ■' Amdt, toe. cit, '*. J Amer Ohem Soc , 1911, 33 , 145.5. 

; Amdt and Wilber, « Aand Lined, 1911, |5|, 20 , 11, 496 ; Sobaefn, Jahtb. Mm , 1914, 

Neumann and Bergvv 

Kraus, Pogg, Antmen^., Scd. Bd , 1914, 38 , 186. 

Potilitzin, l^er., 1874, . 7 , *ad. Lined, 1911, [ 6 ], 20 , n, 646. 
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Salt. 

Romaiks 

Authiiiit\ 

2 KCl.Srt;ia . 

11:1:1 

form mixed crv-'talrf 

Vorlisfli, ./(//*//*. .l/i« Hal lid. 

KC1.2SrCb 

1614.38, isr* 


with BaClj 

• 

2NaCl SrCh ■ 


Ib'illu'lot and lli)s\a\, 



i’hnii I'hqt , 1 S 8 .‘>, j.')], 29 , 
318 

5C8C1.2Sr01j 8H,0 


.faniii-Hon, .liHiJ d Sa , 1917, 


|t|. 43, ‘i" 

Sit’hZndj 

Foiniod at 476' (' 

Sninlonnini. .!//> 11 Inad 


Dcceinp >*ii imdt- 
iiiK 

/.//*( n. 1912, |.5I, 21 , n, r,21 

SrCl^ ZriCl, 4H,0 


K|ibiaiin and Model, Zitisch 
((iioii) ('him , 1610 , 67 , ;179 

Si ('1,^ 211^^3^.21120 . 

I'liiimalK* iijslalrt 

Ibinsdoill. Poifif Aniiithu, I.HJO, 

\i*fv Holubh' in 

17 , 122. but See lliiitli, 


watei 

y.iiCih iinoi'/ ( 'III III, 1897, 
14 , .123 , 

SrCl.lllM'b vlf/) 


Swan liiiri ('him ,} 1898, 

20 , 632 

SiC1.21l^'(('N), 611,0 


! \.irel, ('tmpi iiiiiJ , 189.',. I2I, 
•318 

SiCl, ll><()()H.O , 

While dcndci ntrdlos 

Andie, Comp( taul , iHhT, 104 , 


dfcomi* bv watci 

Ul 

SiCl, 2Tl(’l3(ill,() 

(leweeke, AiiiiiiUii, 19o9, 366 , 
223 

Sr(’I Sn(’l, 811.0 


To|,so(*, .Inhiedii’i ., 1S7I, 180 

Si('L 21 ’l>()r.irV) . 

1 l'’«)itnc«l bv bfiilinir 

Andre, Compl taid , 1887, 104 , 


j I’liO wdli Si CL 

3 V.I 


1 .solution 

1 

1 


Strontium Perchloride. - At 1()\\ lempcruturcs cliloriiH' is up- 
paivntly nioiv soluble in strontium eliloride solution tluiu m jmre water, 
and oil cooling no chlorine hydrate se|)Hratos out.^ This may possibly 
be due to tlie formation of a perchloridc m solution. 

Strontium Bromide, SrBr^, mav be obtained }>v dissob ing I lie 
oxide, carbonate, or sulphide m hydrobromic aeid, evajioratmg to dry- 
ness, and heating the residue in a current of the gaseous acid ' A 
gelatinous strontium bromide has also been obtained.* 

Tlie heat of formation of strontium bromide from its elements is 
176-5 Cal.5 

It is a colourless salt, meltmg without decomposition at 6 IT' 
and volatilising at 770" C.’ It can be heated to dryness in a plat mum 
dish over a free llaine without the slightest loss of halogen.** 

The salt dried at 200" C. has a density of 4-216 at 24° U.** 

The fused salt is less hygroscopic than the powdered.** 

Strontium bromide is readily soluble in water, the heat of solution 

' (iondwiD, Bfr., 1882, 15 , U089. 

* See Calcium Peichlondo 

® Bcithcmot, ./ Pharm 6 'Aiwi , 1830, [2|, l 6 , 61*0. 

* Sci) Strontium Chloride. 

" dc Foreran^, Compi rend , 1911, 152 , 27. 

® Kellner, Zeititch amrg. Chem , 1917, 99 , 137 , soo also Camelley, Tuias, Chau Sue , 
1878, 33 , 273 

’ Stock and Heyneniann, Her , 1909, 42 , 4088 

* HiohiinN, launch anorq. Chem . 1890, 8 , 2.53. 

, VOL, III. : I. 


11 





THE alkaltne earth metals. 

being 161 Cal,' The following values have been obtained for the solu- 
bilities at different temperatures : — 


Concrntration oi 
Torup., SrBr, in Grams 

° C. i)tir 100 Grams 

(Solution. 


Solid Phase in contact with 
Solution. 


( lec and \ 
\SrHr2.(iIl20 / ^ 


Milikaii, Zeiisch. 
physikal. Cheni., 
1918 (1916), 92, 
7.5. 


(1) Ktard, Ann. 
Chiin. Pkys.y 
189-1, (7), 2, 540. 

(2) Krcmcrs, Vogg. 
Annalen^ 1858, 
103,60. 


SrBro.xIToO 


Densities of strontium bromide solutions,* vapour pressures,® 
freezing-points, electrical conductivities,* and refractive indices,® have 
been determined. 


The Hydrates of Strontium Bromide. — The existence of tw^o hydrates, 
the hexa- and the mono-hydrate, has been definitely established," but 
there is probably also a dihydrate,’ and Thomsen considered that 
calorimetric determinations indicated the existence of four hydrates, 
with 1, 2, 5, and 6 molecules of water of crystallisation respectively.® 
Strontium Bromide Ilexahydrate, SrBrj.OIIgO. — The experiments of 
Rammclsberg first indicated the existence of this hydrate isomorjihous 
with the chloride hexahydrate.® It is hygroscopic, and melts at 100° C. 
in its own water of crystallisation,'® The vapour pressure of the salt 


^ de Forerand, loc, ct7. 

' ‘ GerlMh, Zeitsch. anal. Chem.f 1869, 8 , 285 ; Jones and Gotnian, Zeiisch. physikal 

' Chem.y 1904, 49 , 405. 

• Tammann, WieA. AnnaleH, 1885, 24 , 652; Zeitsch. physikal Chein., 1888, 2 , Ref., 45. 

• Jones and Chambers, Amr. Chem, J., 1900, 23 , 89 ; Jones and Getman, loc cit 
‘ Jones and Getman, lo(. cit. 

V • LescoBUT, Ann. (Jhiv\, Phys., 1890, [ 6 ], 19 , 663 ; Guareschi, Atti R. Acoad. Sci. 
Torino, 1913, 48 , 929. 

» Richards and Yngve, J. Armr. Chem. Soc., 1918, 40 , 89. 

• Thomsen, J. praH CJiem,, 1878, [2], x 8 , 44. 

• Rammelsberg, Pogg. Annalen, 1842, 55 , 237. 

Richards, loo. cit. 
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at 20° C. is 1-8 nim.^ The heat of hydration is 28-33 ChI.,^ aiul the heat 
of solution of the hydrate -7-22 Cal. The density is 2-358.^ 

Strontium Bromide Dihydrate, SrMr2.2ll20. — Aeoordiiip to Hiehards 
and Yngve, transition from the hexahydrnte totlie dihydrate takes place 
at 88-62° C. The heat of hydration to the dihydrate is O-O.'J Cal.,** and 
the heat of solution 6-16 Cal.- 

Strontium Bromide Monohydrate, SrBrj.HjO. — The hexal^'drate loses 
5 molecules of water in the desiccator, or at 100° C. in air, ^jivinp; the 
monohydrate.* The heat of hydration is 6-15 Cal., and the licat of 
solution 9-90 Cal.* 

Addition Compounds. — With ammonia strontium bromide forms 
the compound SrRrj.HNHg, SrBr2.2NIl3, and SrBrg.NH,, which have 
a dissociation pressure of 100 nun. at the tem|)cratures 30°, 68°, ami 
146° C. respectively, and the heats of formation 10-9, 12-8, and lC-2 Cal.® 
There is also evidence of the existence of a labile isonicride of the di- 
ammoniate with a pressure of 113 mm. at 63° C.® The anhydrous 
salt IS soluble m ethyl alcohol, and from the solution tlie com|)ound 
2SrBr^.5C2ll50lI erystalhscs out m large orthorhombic prisms.’ An 
addition compound with glycine, SrBr2.2NIl2Cn2C00lI.3li20, has also 
been obtained.® 

Double Salts -Strontium bromide forms double salts with mercuric 
bromide, 2ngHr2.SrIir2,® and 8rHr2.FIgBr2, and with mereurie cyanide, 
2ng(CN)2.Srnr2.6ll20.‘® Freezing-point curves of mixtures of strontium 
bromide with bromides of the alkali metals, indicate the existence of the 
eom])ounds 2SrBr2.raBr, SrBr2.2KBr, and 2SrBr2.KBr.’^ 

Strontium Perbromide.— Determinations of frcczing-iioiut lower- 
ing in mpieous solutions of strontium bromide and bromine indicate the 
presence of a tetrabromide in solution, but if formed at all in the; solid 
state it is a very unstable compound.^* 

Strontium Iodide, Srij, is formed when metallic strontium is heated 
in iodine vapour.^® It may be prepared by the action of hydriodic acid, 
or iodine, and a reducing agent, on strontium hydroxide, carbonate, or 
ulphide, evaporation, and fusion of the residue in a current of gaseous 
lydnodie acid.’* 

The heat of formation from its elements is 147-5 Cal.^' 

It is a white dclKjuesccnt compound of density 4-519 at 25° C.,’® and 
(lelting-jioint 507° C., or probably higher, since most of Carnclley’s 

‘ fjescoeui, hr. at. 

* Thomsen, Theifvochcinmtry, Knglwh tra ablation by Buike (Longman-j, (Jiet-n 4 , L'o.), 
908, p. 04, 

® ITavre and V'alxon, Vonpt rend., 1873, 77 , o79. 

* Richards, loc, cit. 

® Hnttig, Zeilsch. anonj. Chem,, 1922, 124 , 322 ; w-calHo Rainmelsbi-rg, Pog<j. Annalen, 
842, 55 , 238, who doscribed a compound, 28rBr^NlI, 

* Hflttig, he. cit. 

’ Fonzoa-Uiacon, J rharm. Chini., 1896, [ 8 ], i, 59. 

" Pfeiffer and von Modelski, ZaUch. phyml. Chem,, 1912, 8 i, 329. 

* Ldwig, Jahresber., 1833, 136. 

Varet, Compt rend., 1895, I 2 I, 398. 

“ Kellner, Zeitsch, anorg. Chem., 1917, 99 , 137. 

. Meyer, ibid,, 1902, 30 , 121. 

Matthiossen, Annalen, 1855, 94 , 110. 

See also Calcium Iodide. 

de Porcwwid, Compi. rend., 1911, 152 , 27 ; soe also Ta'willy, Am. Chim. Pkya , 1899, 

*7. 115- 

Baxter and Brink, J. Amer. Chem Soc,, 1908, 30 , 46. 
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results are rather low.^ P readily loses iodine if melted in contact with 
air,^ and in moist air at ordinary lemperatures it is deconijiosed, forming; 
iodine and slronlmni hydroxide. 

Strontium iodide is even more soluble in w'ater than either the 
bromide or the ehloridc.-* The heat of solution is 20-5 Cal.* 

Etard found the following values for the solubility : — 


'IVnjjicjaluio, " 

20 

-10 

3 

47 

4-11 

fl8 

38 

ijiiaiii'. .'St L iiriOO 

60 0 

(iO 3 

(52 2 

63 0 

63-4 

63-5 

64 8 

umii)'- snliitjun 

52 

77 

81 

97 

105 

120 

175 


(16-0 

70 5 

74 0 

79 2 

79 4 

80 8 

85 6 


Measiirc'inents of the densities of strontium iodide solutions have 
been made,** and also of refraetive mdiees and freczing-jioints,' and of 
electrical eonduetivities.'^ Elect iical eondiietivitv determinations of 
solutions in methyl, ethyl, and jiropyl alcohol, and in mixtures of thesi' 
with water, luive been made al 0° C and 2r)° C.‘' 

fitfdraiffi oj Sfrnniium Iodide.- From solutions at ordinary tem- 
peratures, hexaf^onal crystalline plates of the hexahydrate separate out.’'* 
According lo,Tassilly, tlu* salt obtained at 00° ('. contains 7 molecules 
of water, and the heat of solution is -- 4-t7 Cal. The heat of hvdiaiion 
IS, therelore, Cal. 

Etard si'parated a duodeeahydrale at low temperatures, and eon- 
eluded that a dihydrate, which may be isomorphous with barium 
ehlorid('diliydrate, naClo.2ll.,(), is probably the stable form above Otr C. ' 

Additjoii Voinpouuds . — Strontium iodide forms addition compounds 
containing 1, 2, I, and 0 molecules of ammonia. The eoiujiound. 
Sr(NlT<,),.Ij,* dissociation pressure of 50 nirn. at 02° C., and tlu' 

lu'at of formation from strontium iodide and ammonia at the sanu' 
temperature is IJMO Cal.’*** Iliittig has found compounds wuth 1, 2, 0. 
and 8 molecules of ammonia w'hieli attain a dissociation pri'ssure of 
100 mm. al 201°, LU°, 71.*.5°, and .‘tl'’ C. respectively, the heats of forma- 
tion being 11 0, 12'C, 15-5, and l.S-3 Cal.*® 

Double Sulh.- -The following double salts have been described (see 
lU'xt page). 

Strontium Periodides. -By exposure to light of tlu* mother liipior 
of the double strontium lead iodide, golden-brown crystals of strontium 
tn-iodide, SiTj.l.'illjO, art' obtained.'* 

Solid })eriodides can be obtained by fusing together iotline and 
strontium iodide in the proper proportions on the water-bath.''' 

' Ciuiu'lloy, L'Ihiii Sih , 1878.33,27:1. 

« Uorthelot, Ann Chun Phi/^ , 1878, Lr)|, 15, 191, St'luilLze, ./ pud I ('linn, 1880, 
[2J, 21, 419. 

* Kri’inciH, Poi/ij. Annalen, 18.08, 103, 51 , L. 

^ (le Korciaiul,' Compt. und , 1911, 152, 27, soe alHo Tiwsill>, .4nn. Chwi. rk[f, g^lt 

[71,17,11.0. 

t ’ Ktard, ihid.. 1894. f7|, 2, 549 

’ • (jcrlach, ZfitvcA anal CAf-w., 1899, 8, 21.5 , Ivmnurs, toe ul. ; Jonew 

/jciUirh. physd’al Cham,, 1904, 49, 405 1 

^ .Idncs anil Clotman, loc. cit C' 

'• JonoH and Caldwell, Amer. Chem 1901, 25, :1.58 , Jonw and (letman, loc. cit 

• .) linos and Luidsav, Amer. Cknn J., 1902, 28, :i.')2 
('iiift, J. prakt Chem., 185(5, [IJ, 68, 402 

” Tassilly, Ann. Chun. Phys., 1899, [7J, 17, 117, CompI tend., 1896, 122, 82. 

Bdtz, ZeiUch. Elektrockem., 1920, 26, 374. 

'■* llutlin, Zeitsch. anorg. Chem , 1922, 124, 322 
** Mosuier, dwn Chiin. Phys , 1897, 17|, 12, 399 

Moyor, Zeituch. anorg. Chem , 1902, 30, P20 Seo Calcium Periodidts 
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Authority 


lilphraim mid Moilcl, '/iHlstlt 
attoig ('him , liHO. 67 , IIT'.I 
! JojK's and I'ahluull, 
rhrm J , 1901. 25 , 

Ihiidlav. I«M 1 %im I'hi/i , 
1827. |2|. 34 , .1.72 

Diihoin, ('nmpi u mi , liKlIl. 
142 , . 77:1 

iWti'i. .l)i/i /Vimw) , 1SI.8 1'2|, 
56 , I 

Mdsiiu'i, Ann ('/tun i'hi/s , 
is!)7, 171. 12 , .ms 


Till’ tlissociiilion constant ol' stiontium tctra-iinlulc in {njiicons solu- 
tions has luon (lelcrniincd hv dislrilnilion nictlio(l.s. Kor a 0 l*JK) 
molar .solution of strontium iodide the dissociation constant “ k " is 
about O-OOODT at 25° C.,^ when all concentrations are expressed in i^rain- 
molccules per litre. The existence of jicriodidcs in nitrobenzeiH' solid ion 
up to the ('imca-iodide, Srlj.^, has also liccn demonstralcd - • 

Mixed Halides of Strontium. Strontium lluorochloiKh. ' Srh\. 
SrC'l,, of density 1-18 at 18 ° or K 510 J ltuoroI)iomid(‘, Si lh\, 
density fOG,’’ and iluoro-iodide, SrF^.SiI^. d(‘nsitv 1 - 5 ,'* ha\c Ix'im 
isolated. They are crystalline compounds readily dcconiposnd by 
water. The melting-point of the lluoioehloride i.s 1 M> 2 ° 

Mixed Perhaiides of Strontium. -Iodine dissoKcs more readily 
m solutions of strontium chloride, bromide, or iodide, than in pine wati'r, 
|)rol)ablv due to tlu* formation of perhalogcn eomjiounds in solution.^ 





III iK-i 1 ciil solulmii 

iSoh eiit i 

i Watoi 1 

j 

Sil'L 1 


— 


- - - 

- 

Temperature, °C. . 
Grains iodine per 

Ordniar> leni[). i 

0 - 01+2 i 

18-5 13-5 

13-5 

100 c.c. . 

1 

O'OCG 0-270 

0-GIG 


It will be noticed that the solubility in the iodide solution is far 
the greatest. 

' Herz and Bulla, ZeiUch. anorg Chan., IIUI, 71 , 25t. {Rocalculatwl Hoo Calcium 
Periodides.) 

* Dawsoji and Coodsoii, Trans. Ckem. Hoc., 1904, 85 , 790. 

■' Dfcfacqz, A?in. Chtm Phgs , 1904, ( 8 ], l, 337 ; Poulonc, ibid , 1894, [7J, 2 , 29 

* Winter, Disaerl., Leipzig, 1913, J Ckem. SiK-, 1914, 106 , Abs 11 , 128. 

'* Defauqz, loc. c%t. 

'* Winter, loc cit. ; see also Plato, Zntsch, physikal Chan., 1907, 58 , 3.7.7. 

‘ Meyer, ibul., 1902, 30 , 113. 







OXYHALOGEN DERIVATIVES OF STRONTIUM! 

Strontium Oxychloride. — By heating a saturated solution of 
strontium chloride with strontium hydroxide, filtering, and cooling, 
pearly crystalline jilates of composition SrClg.SrO.fiHgO arc obtained. 
On drying in j'acuo tlic inonohydrate is formed. There are probably 
also other hydrates with 12, 14-, and 15 molecules of water of crystallisa- 
tion respectively.^ 

Strontium Hypochlorite. — Dry strontium hydroxide, unlike 
calcium hydroxide, is unaffected by chlorine. With the crystalline 
hydrated strontium hydroxide, howi'ver, chloride and chlorate mixed 
witli a little hypochlorite arc obtained. ^ 

Strontium Chlorite, Sr(G102)2, is obtained by tlic action of 
chlorous acid on strontium hydroxide, followed by rapid evaporation, 
first over a llamc until a skin is formed, and then in vnnw. -It separates 
as a deli([ucsccnt salt which is decomposed above 200® C., gi\'ing a 
mixture of chloride and chlorate.^ It may also be formed by treating 
the precipitated jicroxidc with chlorim* dioxide. The product explodes 
on iiercLission'.^ 

Strontium Chlorate, Sr(C10;,)2, is obtained by the decomposition 
of strontium carbonate with chloric acid,^ or bv passing chlorine into a 
hot solution of strontium hydroxide, or over solid crystalline hydroxide.-^ 
It forms anhydrous crystals of density .‘M52,® non-delifiiics(‘ent, and 
readily soluble m water hut not in alcohol.’ l^)tilit/.m found several 
modifications of the aniiydrons chlorate. Transparent rhombic octaliedra 
separate at room tcmperalure, but from a saturated solution cooled to 
—10® C, siniill monochme crystals are obtained. A third form scjiarates 
in long prisms or scales at ordinary temperatures from a supersatu- 
rated solution of a certain eoneeiitration, and a fourth at 70“ 00° C. 
in long rhombic jinsnis. On heating to 290° C., slow evolution of 
oxygen sets in, and after 10 per cent, has been given off, the mass fuses. 

JJy cooling a 59 per cent, solution to —10" (’., needle-shaped cr\ stals 
of a trihydrate, Sr(C103)2.3ll20, are obtained. They clllorcscc under 
atmospheric conditions. If a 01* per cent, solution be cooled to —9,')° C. 
it forms a gelatinous mass of composition ST(C10a)2-yH2D. Souchay 
mentions a pentahydrate.® 

Strontium Perchlorate, Sr(C104).2.~-By the evaporation of a 
solution of strontium hydroxide in perchloric acid, strontium jierchlorate 
is obtained as a deliquescent crystalline mass soluble in water and alcohol. 
The alcohol solution burns with a crimson llame.^® The salt is also 
formed when strontium chlorate is heated just above 290° C. A mixture 
of perchlorate and chloride is obtained, the maximum amount of the 

^ Andrd, Compt. rend., 1881, 93, 58; Ann. Chim. Phyjt., 1884, [(>J, 3, 76; Tassilly. 
m., 1899, t7J. 17, 62. 

* Konigcl-Weiaberg, Ber., 1879, 12 , 511. 

. * Millon, Ann. Chxm. Phya., 1843, [3j, 7, 327, 

* Levi, Gazzelta, 1922, 52, i, 417. 

* Vauquelin, Ann. Chim,, 1815, [11, 95, 97. 

* Schroder, J (thresher., 1879, 31. 

’ Potilitzin, J. Rues, Phys. Ghem. 80 c., 1889, i, 451 ; see also Wachter, praki. 
Chem., 1843, [IJ, 30, 324 ; Souchay, Annahn, 1857, 102, 381. 

** Potihtzin, toe, cit, 

* Souchay, toe. at. 

S4ruUas, Ann. Chim^ Phys., 1831, [2J, 46, 304. 



Torber Tbeing present when three-quarters of the ctilornte has beeiri 
decomposed. 1 • 

The salt crystallising at 0" C. probably contains t molecules ol 
water. At about 25'’ C. there is a dihydratc, and at 37® C\, approximately, 
a compound, ;3Sr(C104)2.2H2(). 11 is possible that there may also be* 

a monohydrate. 2 

Strontium Oxybromide.- 13y boiling a concentrated solution of 
strontium bromide with strontium hydroxide, filtering, .and cooling, 
prismatic crystals of composition SrBr2.Sr0.!)Il20 are obtained.'’ <)n 
heating to 120® C. a trihydrate is formed. 

Strontium Hypobromite is probably formed by Hh* action of 
bromine on strontium hydroxide in the cold.* 

Strontium Bromate, Sr(Br 03 ) 2 , may be obtained by dissolving 
strontium carbonate in bromic acid.® It is also jirodueed by the action 
of bromine on a liot solution of strontium hydroxide, but it is diflicult 
to separate from the bromide, which is formed at the same time. It 
crystallises in rhombic prisms as the monohydrate, Sr(BrO;,)2.Il2(), 
isomorphoiis with barium chlorate® and of density 3 773, but loses its 
water at 120® C. It begins to deeonqiose at 2t0® losing oxygon and 
bromine, and leaving a residue of strontium oxide and bromide, it is 
soluble m three times its weight of water.® 

Strontium Oxyiodide. -'fassilly obtained this compound by ]>our- 
ing a very concentrated solution of the iodide over a solution saturated 
with the hydroxide in the cold. After several days, crystalline needles 
of composition 2Sii2'5Sr().30ll2O separated out.’ 

Strontium lodate, Sr( 103 ) 2 , may be formed by the actfoii of iodic 
acid on strontium carbonate,® by the action of iodine on a hot solution 
of strontium hydroxide, or by the precipitation of a soluble strontium 
salt with an alkali iodate.* It crystallise.s in the anhydrous forjii from 
nitric aeid solution between 70® and 80” C. It is precijiitated from dilute 
boiling solutions in long opaque wiiite needles of the monohydratc, 
Sr(IOj)2.ir20,® and at ordinary temperatures as the hexahydrate, 
Sr(I03)2.6ll20,® The water of crystallisation is removed at 180® C., 
and further heating decomposes it into a mixture of oxide and iodide. 
One part of the salt dissolves m 312 parts of w'ater At 15® C'., and in 
100 parts at 100® C. It is insoluble in sulphuric acid and decomiioscd 
by hydrochloric acid with the ev'olution of chlorine. 

Strontium Periodate, Sr(I 04 ) 2 - 6 H 20 , is obtained by solution of 
strontium carbonate in excess of periodic acid and ev^aporation over 
sulphuric acid in the cold. It separates in large monoclinic crystals 
with 6 molecules of water. By dehydration over sulphuric acid the 
dihydratc is formed.*® The aqueous solution has an acid reaction. 

If periodic acid be practically neutralised with strontium carbonate,*® 

‘ Potilitzin, loc. at. 

* WiIImU and Smith, J. Amer, Ghent, Soc., 1923, 45, 28(1 

» Taasilly, Compt. rend., 1896, 120, 1338; 1898, 122, 812; Ann. Chita. Phys., 1899, 
[71, 17, 63. 

* Ward, Ann. Chm. Phye , 1826, [2}, 32, 363. 

* Bammelsborg, Poyg- Annakn, 1841, 53, 87. 

* Rammelsberg, ibtd , 1863, 90, 18. 

’ Tassilly, Ann. Chita. Phys., 1809, [7|, 1% 66 

* Gay-Luflsac, Ann. Chim., 1814, 6; Millon.^lnw. 6’Aiwi. 1843, |3|,9, 418. 

* ^mmolsberg, Pogg, AnneUen, 1838, 44, 675; Ditte, Ann. Chm. Phys., 1890, [6], 
21, 160. 

Bammelslierg, Her., 1868, i, 70 ; Johmbif., 1868, 164. 
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or if strontium hydroxide be precipitated with sodium periodate,^ an 
insoluble basic salt of comp^jsition Sr 0 .Sr(I 04 ) 2 .‘l' or SllgO is formed. 

STRONTIUM AND MANGANESE. 

Strontium Manganite is formed in the same way as the calcium 
compounds, and the composition varies with the temjieratiire of forma- 
tion. SrO.MnOg is obtained above 1100° C. and below 1000° C., and 
Sr0.‘2Mn02 lictween these temperatures. There arc also the compounds 
SrO.SMnOj and Sr0.2Mn0.2.^ 

Strontium Manganate is a {;freeiiish-bhie ]>owder insoluble in water.^ 
It IS formed by heatin^r the manganite to a very high temperatnre- 
about 1000° U.* 

Strontium Permanganate, Sr(Mn 04 ) 2 . 4 H 20 , has been mentioned 
by various investigators.*' It is very deliquescent,® and is decomposed 
by heat.’ Its electrical conductiN ity in solution has been determined by 
Franke.® 

STRONTIUM AND OXYGEN. 

Strontium Suboxide, SrgO, is jirobably formed in the same way 
as barium suljoxide, by the action of magnesium or aluminium on llu* 
oxide. It is less stable than the barium compound, and more readily 
gives crystallised stroiiluim.” 

Strontium Oxide, SrO, can be obtained by heating strongly the 
carbonate, hydroxide, or nitrate. The lirst of these requires a higlu*!* 
tenqicratuji’e for decomposition than calcium carbonate. It may also 
be formed by the direct combination of strontium and oxygen, the heat 
evolved being 139 (51 Cal.‘® or 11.12 C'al.^’ Uominereially the chief 
source of the oxide is the suljihate, eelestine. Various methods of 
treatnir,‘nt are jiossible. The sulphate may be calcined with carbon to 
form the sulphide and the latter transformed into the hydroxide by the 
action of a base and again calcined ; or the sulphate may be heated in 
a current of water vaiiour and carbon monoxide ; or, linally, it may 
be fused w'lth sodium carbonate under j)rcssure, and the resulting car- 
bonate calcined.^® The oxide has also been prepared by heating the 
carbonate with the carbide. 

As usually obtained, strontium oxide is a white amor))hous solid of 
density varying from 3 93 to 1 01, depending upon the method of pre- 
})aration.^^ It forms cubical crystals, however, of density 4 75 when 

' Laiigloih, Chu/i. Plii/o , 1852, [iq, 34, 287 

^ Hull. Soc. chini , 1878, fij, 30, 110; Kousbouu, Ompl tt-mi, 1885, loi, 167 , 

1880, 102, 425, 010, 1887, 104, 780, 1893, 116, 1000, Dufau, .hut Chim 1897, 

I7J, 12, 2.>7. 

* Chovillot and Jildwaixls, Jh/i '(Jhim Vhys., 1818, [2|, 8, 337. 

* Rousseau, Compt rend , 1880, 102, 425, 015 

® Chovillot and Edwaiils, loc. cit ; Mit&oherlich, Poffff. Annalen, 1832, 25, 287. 

" Mitsclieilich, he. cit. 

■ Rousboau, Compf tend., 1887, 104, 780 

** Franko, Zeitsch, C'hem., 1896, 16, 403 

® Guntz, Ann. Chim. l*hys., 1907, [8], 10, 447. See Bariuyi Siiboxide 
do Forcrand, Compt rend., 1911, 152, 27. j 

Guntz and Roederer, tbid , 1900, 142, 400. 

** Jacquomm, ibid., 1868, 46, 1104. 

Soe Terios and Bruckner, Zeitach. Elckttochem., 1920, 26, 26. 

‘ Frank, German Patent, 136330 (1901). 

« FiUiol, Ann. Chim. Phya., 1847, [3|, 21, 415 ; Brugelmann, ZeiUch. atml Vhem , 1890, 
29, 126. 
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by very blow calcination of tlie nitralc.^ The transparent 
liquid, obtained by fusion in the electric are* at about ;U)()0 t'., ^\lneh 
_ lb more easily acconiplislied than in the ease of ealeiiiin oxide, forms 
'on cooling a eonfubcd masb of er\stalb.‘‘‘ A erystallised specimen may 
also he obtained by heating a mixture of strontium eaibonati' wilii 
lithium carbonate.® 

Sulphuretted h}drogen reacts with strontium oxide in the cold, 
forming water and suljdmr uith eonsidi-rable heat evolutioiif* Suljduir 
dioxide® and carbon dioxide*^ react with strontium oxidi' \\lien lieati'd, 
but not ni tlie cold. In the ease ot carbon dioxide the react ion may 
become so \igorous that the jirodnet is meandeseent, and a tempt ratine 
of lO.jO" C'. may be reached. 

Strontium oxide dissolves in lused strontium ehloridi'. one moleeule 
of tlie fornier baturatmg three of the latter " 

From a consideration ol luait ])henomena, de Forerand eonelnded 
that tlie moleeule of strontium oxide should be regarded as a eotideiised 
moleeule uilli the formula (Sr( ))„.'* 

Strontium Hydroxide, Sr^OHjg. .Slroutiuni oxidi' may bi- 
“slaked ’ In walir produemg the bxdroxide (sir Caleimii) 'I'lie lieal 
generated 1)} this reaction is 10 II (’al Strontium hxdroxide ina> be 
obtained as an intermediate product m th(‘ formation ol i runt mm oxidi' 
from strontium iniuerals. 11 is jirepared, lor example, by tin dceoni- 
]iositiou of slroiilium snlplnde,'* or eaibonate.*'* I)\ superheated sli^am al 
DOO GOO C'..'' Ii\ tlu oxidation ol Ihesulphuh- in a euiienl ol air in tj^e 
jiresenee of Weldon mud as catalyst,'^ or b\ tlu* aetioii olj sodium 
sulphate and earbon on the sulphule It may also he formed m the 
dissohed slate by the I'leelrolvsis of sironlmm eliloride and snl])hide 
solution with an iron or earlion anode." 

Tlie density ol strontium Indroxide is .‘t 02a." • 

Hy heating al SaO^ C. the oxide is again formed *'^ In tnvuo the 
greater ])art of the •water is removed below 510 and deliNdration is 
complete at 710' 

The following values iia\e lueii found lor the \a})our pressuri* ol the 
hydroxide at diflerent lenqieratiiris *" - 

Temperature, C. 152 tSS 521- .501 .)!)7 0:U 070 7()() 71-2 77S 

Pressure m mm. Ilg . 0*2 17 I- 311 -5 ,55 02 ll-O 2331- 33,55 520 700 

The lieat ol solution of slronlimn hydroxide is 10 1-33 I’al.*^ Jl is 

' liiiigolriiiinn , cit , Ifiif/ .l/»«ff/i /(, 1877, 3, -OiO , IS7K, 4, 277 , Znhih 
Vhnn , 18'J.7, 10, 41,'). ltlU8, 59, 218 

® Moissiin, ('(j)iipf und , 181)2, 115, 1<>:54 , \uii ('him. Phi/s ^ 1895. |7|. 4, liK) 

* Lcbi'aii, ihid , 1995, [Sj, 6, 159 

** Schumann, Anitahn, 1877, 187, '111 . 

■’ llinilwum and Wittich, Her., 1889, 13, 951 
Schwhk‘1, ibid, 1880, 19, 1973; Kaoult, Compl nnd , 1881, 92, 1119 

’ Anidt, JJu , 1997, 40, 427 

* do Forcrand, Vompi tend., 1908, 147, 105 

“ Haber and Poindexter, J. Hoc Cfu'M hid , 1917, 36, 385. 

Ijcplay, Dvigl. poly. J , 1884, 254, 430 
Pattinson, Bar , 1880, 19, Ucf , 510 
Mactear, iJmyl jioly. J , 1880, 262, 287 
Brochet and Hanson, Englush Patent, 1849 (1901). 

** Filhol, Ann (Jhini Phys., 1847, |3|, 21, 417 

Herzfeld and SlieiM*], Ztihch. Ruhviizurkmiid., 1898, 833 

Johnston, Zcihth physikal Chun., 1998, 62, 3319, ''Oc .dbu Aiiiei. (.'knit Snr„ 
1908, 30, 1357. 



hioffc soluble than the calcium compound, and produces "a’ strohgT^ 
basic solution. The fcfdowing values have been given for the 
solubility * : — 

Temperature, °C. . 0 20 40 50 65 75 85 101-2 

Grains SrO per 1 00 

parts solution . 0 85 0 69 1 IH 2-13 8-74 5 29 9 08 19 34 

In the jircscnce of bases the solubility is diminished to a greater 
extent than can be cxjilained liy the decrease of dissociation. 
'J’he inlluence of strontium salts is very small, probably indicatihg 
the formation of compounds, basic salts, in solution. In solutions 
of strontium nitrate the solubility increases with the concentration 
of the latter, but no basic salts have liecn isolated.® It is 

readily soluble in cane sugar .solutions in which it forms strontium 
saceharate.® 

The molecular conductivities of strontium hydroxide solutions hai e 
been measured by Ostivald.* 

Under thf inlluence of the cathode rays, strontmm hydroxide gives 
a beautiful deep blue phosphorescence.® 

Hydrates of Strontium Ilydroinde.— ^tnminim hydroxide oeta- 
hydrate, Sr(0II)2.8ll20, separates as tetragonal crystals,'’ of density 
1 390,’ from solutions at ordinary temperatures.® Herthelot asenlied 
to it the formula Sr(01I}2.9ll20.® From vapour pressure measurements 
Lesemur concluded that there was a higher hydrate than the octa- 
hydratc,^'* and there also appear to bo a hepta- and a di-hydrate.^® 
The heat of solution of the oetahydrate is —11-27 C'al.,^® and the heat 
of hydration from the hydroxide 24 60 Cal.^® 

TJie monohydrate, Sr(()H)2.1l20, is formed by heating the octa- 
hydrate for two hours in a current of dry hydrogen at 15"'- 50*^ C'.d® by 
leaving in vacuo over sulphuric aeid,**^ or by passing first air saturated 
with water A'upour, and then dry air, at ordinary tem])eratures over 
strontium oxide.’* At 95° U. it loses its water of hydration, forming 
the simple hydroxide.’® The heat of solution of the monohydrate is 
5 26 Cal.,’® and the heat of hydration from the hydroxide 5 06 Cal.’® 
It absorbs carbon dioxide with complete transformation into the 
carbonate.’* 

vStrontium oxide forms compounds with mannitol.’'’ 


^ Schoihlor, Zaitach. anal. Vhtm , 1882, 21, 5U1. 
j44’ar3^^and Perkins, J Amer. (-hem. Soc , 1910, 32, 1387. 

* Dinyl, poly, J,, 1883, 248, 426. 

, J. piakl, Chem,, 1886, 121, 33, 367. 

Proc. Hoy. Soc., 1881, 32, 206. 
lion, Ze%tach. Kryat, M%n., 1887, 12, 531. 

Pilhol, loc. Cit. 

" Souohay and Lensson, Annalen, 1866, 99, 46 j Bloxam, Jaheahr., 
Forcrand, loc. cit: 

Bertholot, Jahnaber., 1873, 79. 

Losooaur, Ann. Chim. Phys., 1890, [6], 19, 65. 

” Muller-Erzbaoh, Ber., 1887, 20, 1628. 

John3ton, Zeitach. phyaxkal. Chm., 1908, 62, 345 
de Forcrand, loc, cU. 

Heyer, Ber., 1886, 19, 2684. 

de Forcrand, he. cU. ; Herzfeld and Stiepel, ioc, ot<. 

>• Ubaldini, Ann. Chim. Phya., 1859, [31. 57, 213. 
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Usei of Sfroniium HydrOiVide.- -The use of s^trontia in the suga, 
industry for the purification of sugar lijl the precipitation of di 
strontium saecharatc was iirst patented by JJuhninraut and l^ejjlaj 
in 1849, and introduced into the German beet-sugar laetoru^! 
by Fleichcr in 18C9. The process was iiioddied and unproved l)\ 
Schcibler.^ 

Strontium Peroxide, SrOj. — Similarly to calcium peroxide 
strontium peroxide was first obtained as a white crystalline pncijntati 
in the hydrated form, SrOu-HlIgO, by’^ the action of liydrogcn pcroxiiit 
or sodium peroxide on strontium hydroxide.^ It is also ronncc 
when an alkali reacts with a strontium salt solution eontainiiif. 
hydrogen peroxide.^ Jly^ heating to 130’ C. in a ciirn nl ol dr\ 
air, or by drydng in vacuo, the anhydrous eomjjoniid is obtained, 
but it cannot be completely freed from w'ater witiiout jmrlial decom 
position.'’ The anhydrous jieroxidc may be prepared diriclly b\ 
]jrccipitating from very concentrated solutions above 59' Very 

large })ressures are reepured in order to make strontium oxid(‘ eombiiK 
directly with oxygen, (onibination under a pressure ol' 79 atmo- 
sjihercs of oxygen is possible, but the maximum yujd, 1.“) 1(5 jh'I 
cent, of peroxide, is obtained at about tOO’ f. under a pressure oJ 
9H atmosjilieres.'* 

The heat of formation from strontium oxide and oxygen is lOST.'i 
Gal.,-’ or from metallic strontium and oxygen 1. 53*07 t'al.'' 

At red heat strontium peroxide inelt.s and gives off oxygen, It i> 
a white jiowder, only slightly soluble in water, by wliieh it is^ partially 
deeonijiosed, but soluble in acids. Anhydrous eommereial stronlnmi 
oxide contains 85 per cent, of strontium peroxide and 15 per cent, ol 
strontium hydroxide, and has a density of 0*5 tO. It is very stable in a 
dry atmosphere, and may be heated to 1.50’ G. witliout loss of avj^ilabk 
oxygon.” 

Hydrates of Strontium Pa ojcide,- -The oetabydratc is jin-eijiitati'd at 
ordinary temperatures from dilute solutions of strontium liydroxide and 
hydrogen peroxide.® It has been suggested that the eompountl formed 
contains 0 molecules of water of crystallisation.’’ The heat of liydration 
IS 20*48 Gal.® Hydrates containing 10 and 12 molecules of water have 
been mentioned.® 

Strontium Dlperoxyhydrate, Sr02.2H202, is obtained by the 
action of concentrated liydrogen piToxide on the oetahydrale at low 
temperatures.® It is possible that a monojicroxyhydrate is alsj) formed, 
but m a very impure state. 

‘ Hcheibler, Dtngl. poly. J , 1882, 245 , 430, 40.'), 5<)() , 248 , 120 , Znlirh liiiben- 
zuckennd., 1882, 8 , 49 ; her., 188:1, 16 , 984 ; ratent.', in 1881. 1882, 1883. , 

* Thcnard, Arm Chim. Phyn , 1818, [2], 8 , 306; (Vmroy, Chem. iVoos, 1873, 27 , 291 ; 
J. Chem. Soc., 1873, 26 , 808 ; Kchonc, Ber., 1873, 6 , 1172 

’ Rieecnfeld axi(i Nottobohm, Zeilsch. anorg. Chetn., 1014, 89 , 405. 

* Sohono, loc. cit, 

* de Forcrajid, Compt. nnd., 1900, 130 , 1017 

* Fuoher and Ploetzo, Zeitach. anorg, Chetn., 1012, 75 , 10; soo also Piorco, English 
Patent, 130840 (1918). 

' ^ de Fororand, Ann. Chun. Phya., 1908, f8J, 15 , 433. 

“ von Foregger end Phihpp, J. Soc, Ghem. Ii^., 1900, 25 , 298. 

* Conroy, he cit. 

Schone, Annakn, 1878, 192 , 282. 
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STR0INW7UM AND SULPHUR. 

Strontium Monosulphide, SrS, may be obtained by methods 
similar to those employed in the preparation of ealcium sulpliide ; for 
example : — 

1. Ry the aetion of sulphuretted liydro^^en on strontium carbonate 
or oxide at^red heat, the product bem^r cooled in liydrojjen.^ 

‘2. 13y reduction of strontium sulphate by carbon, ^ or by heating in 
a reducing llame.^ 

;L Ry the action of carbon disulphide on strontium carbonate, pre- 
ferably m an atmosphere of sulphuretted hydrogen. ‘ 

4. Ry healing strontium thiosulphate.’’ 

5. Ry the reduction of stronliiiiii suljihale with h}(lrogen.*’ A 
certain amount of oxide is also formed by this method. 

As ordinarily jircparcd, strontium sulphide is a white or greyish 
amorphous iiowdcr of density 3-.‘35, but by healing in the eleetne furnace 
for a few miiiut.es, or by ]>reparmg it by the reduction of strontium 
sulphate by carbon m the eleetne furnace, it is obtained as cubical 
crystals, and possibly also as regular octahedra of densitv 3'7.^ 

The heat of formation of strontium sulphide' from its cK'mciits is 
J)l)**2 (al.,” or, if the sul])hur is m the gaseous state', ll.S-O t'al." The* 
lie-at of solution is 7-t C‘al. 

In contact with water it forms strontium hydrosiilphidc and 
hydroxide.^*' Carbon, at high temperatures, transforms it into the 
carbide. ' Fluorine, oxygen, iion-iiietallie e*hlorides, and oxidising agents 
readily attack it, but it is not attacked by hydrogen e\cii at high tc'ni- 
peratures. On gc'iitly heating with water vapour, sulphuretted hydrogen 
IS given off.’ 

J^hosphorescent Strontium Sulphide. — Miu-h of what has been written 
with regard to the phosphorescenee of calenmi sulphiele ajijilies also to 
strontium suljihide, and re'fe'i'ci ice's to the lite'ratiire of phosjihore'sccnt 
suljihidcs will be found under flic fornu'r lux'idmg.'^ 

Strontium Hydrosuiphide, Sr(SH)2, is formed m solution b> 
saturating a strontium hyelroxide solution with sulphurctte'd hydrogen, 
{ireferably at G5°-7()° C.,^'^or by the action of a solution of siilphiiretted 
hydrogen on strontium sulphide. On evaporation m uicuo large 
prismatic crystals, of composition Sr(SIl) 2 . 1 'll 20 , arc obtained. It is 
stable in dry air, and on heating melts in its water of erystalhsation.' * 
The following values of the solubility at different It inpcraturcs are given 

' Siibiitior, ^l«Jt V/iim Phy>. , 1881, [."►], 22, 1), Mouiolo, Vompt, nitd , IS9S, 125, 77.) 

* Mourlot, ..Inn Chixi. Vhijs , 18519, 17), 17, 522. 

® Huber and Poiiidoxtoi, US Patent, 12]2.’175 (1917), w'o Sve ('ftrm litri . 1917, 
36, 285 

* Schoiio, Foijy. Annalen, 1801, II2, 192. 

^ Kem, Chem. News, 1875, 32, 137 

« Schumann, Annalen, 1877, 187, 304 

’’ Mourlot, loc at. ; Vompt lend., 1898, 127, 408. 

* Sabatier, loc. at. 

* lie Forcianil, .^Inn. Chun Fhys , 1911, [8], 24, 272 

Rose, Fogy. Annalen, 1842, 55, 415, 532, do Cleiiuunt and Frommel, Ann Chm. 
Fhya., 1879, [51, 18, 203. 

Mourelo, Compl. lend., 1897, 124, 1237, 1521 , 1898, 126, 420, 904 ; 127, 229, 372 ; 
1899, 128, 427, 507 , 129, 1230; 1915, 160, 174. 

Torres and Bruckner, ZeUsch, Klellrorhem , 1920, 26, 2.1 

" Rose, loc, at. 



^TRONTKTM AND ITS COMPOUNDS. . 17 

by Torres nnd Unickncr,^ l)ijt no monsurojiionts of the pressure o 
sulphuretted livdrojron nre recorded : " 

Temporal uie.C . . U ‘JO 10 00 SO 100 

Grams Sr(SlI).^ ui 100 

frrams solution . . ‘>7-5 ‘J0*T :n-« ;3:i ‘J .‘lo O .‘371 

Strontium Polysulphides. By boilmtr strontium mynosulphuh 
with sulphur ami water, a tetra- and jiossiliK also a peiila-sulpliah 
arc formed. 

Sironiiinn Tetra.sxdphulc, SrS,. - On evaporalm^r hi vavuo al 1.5 t'. t( 
the ('onsisteney of a syni]) the solution obtained wit h thrii' moh'eule,' 
of suljihur to one of strontium sulphide, and ki^epinj/ for siwi-ral day* 
at a fairly low temperatuK*, ri'd pnsiuatie <Tvstals of the eoinpouiu 
SrS,j.()ll20 are obtained.- It is \erv hvf^rosi'ojue, disso]\es K'aililv ii 
water ami aleoliol- the solution o\idism«,Mii the* an and nu'lts at *J.5'H' 
At lOtr C. it loses 1 moleeules of w.iter, }»i\ nijr a solid \ellow mass o 
composition SrS,.2lI/). Tlu' same substanei* is formed as In i^hl yellow 
crystals by evaporatin'; the onyinal syiup at a somewhat lunlu'r lem 
jierature, nanu'ly ‘J5° f. instead of l,>" (' 

Strontium Oxysulphide. By exjiosiiie of the titrasulplmli 
eryslals to the air, ri'd er\slals of an o\\ sulphide, SrOSrS, TJll^O,' 
are olilained. Cieuther, however, refunded them as mixeil crystals o' 
strontium tliiosul})hate and an otlierwisi* unknown disulphide ' By tla 
action of sulphuretted Indro^en on stiontium oxide the eompouiu 
‘JSiS.SiO is fonned.'’ * 

Strontium Thiosulphate, SrS^O,, may be formed b\ boilin;. 
sulphur with strontium hydroxide and precipitating with alcohol,'* b\ 
the action of sulphur dioxide on a hot solution of stiontium sulpimh',' 
or, linally, by precipitating a hot solution of strontium nitrate will 
sodinin lhi()sul[)hate. The thiosulphate er\stall!ses out on (oohng oi 
on adding alcohol.** ft forms large hexagonal eryslals ol eom|)ositj()ii 
SrS2(),,..5ll20,*’ more stable than the corresponding ealeium salt. It i** 
soluble m 1 parts of water at l.T (’., and in 1’7.5 parts at lOb’ t’.’ It 
loses t moleeules of water at 100*^' C’ ** Diied at 200'" it has the com- 
position 2wSrS20,,.ll20.“ Further dehydration is aeeompamed by deeom- 
position, and, on strongly heating, tin* salt forms a jihosphoreseent 
mixture of sulphide, sulphate, and sul])hur aeeordmg to the eipiation 

tSrSgOg— SrS ] SSrSO, 1 tS.i” 

Clarke*' gives the density of a hexahydrate as 2 1.500 and 2 1!)01 
at 17" C. 

' IVrn'.'' and Oiiiclviioi, Zcil^th Elcltwctu'm , I'UO, 26, i'* 

" Sclnnic, Pogij irniiiten, !8<)2, 117, .IS 

’ S( lionc, Zyr nl , hut wo .t>o/ (’/inu /V/i/s . IH2U. |2|. 14, 

* (.ioulhor, Anrmicn, 1884, 224, 15)8 

’ Solminann, tlnd , 1877, 187, !J11 

" (Jidtthuss, Si hire Kf get 'k J , 1813, 9, 332 

’ Jlerschell, Kdin Phil J , i, 8, 31)8, 2 , ir,4, Ann Chivi Phgt , 1820, 12|, 14, 3.''i0. 

" Kessler, Pixfg Amifileii, 184.S, 74, 282, see also Kern, Chetn News, 1875, 32, 137 

* Letts, J Chew Soc., J870, 23, 428 

Mourclo, Vompf rend , 1898, 126, 420 ; 127, 372. Aecdtrlm^ to Kammelsberg 
sulyihito iH also formed, Rainmclsbera, Pogg. Annalen, 1842, 56, 301 

” Clarke, Amet J. Set , 1877, [3|, 14, 281 , Jahnubir, 1877, 43 

Kossler, loc. at. 



Strontium Hyposulp^iite, SrS 204 , is obtained by the action of 
sulphur dioxide on strontium hydride at a pressure above one atmo- 
sphere. Hydrogen is liberated at the same time. A solution of the 
salt is a powerful reducing agent.^ 

Strontium Sulphite, SrSOg, may be obtained by the precipita- 
tion of strontium chloride with an alkali sulphite. ^ It is also formed 
when stron^um oxide is heated with sulphur dioxide at 230°-290“ C.® 
Se\ eral weeks are required in order to complete the reaction. The salt 
is anhydrous and readily crystallises in flattened prisms.^ It is slowly 
oxidised to sulphate by air. On heating, it is transformed into a phos- 
phorescent mixture of strontium sulphide and sulphate.® The solubility 
of the sulphite in water is less than that of the sulphate, being only 
33 mgm. ])cr litre at ordinary temperatures.® 

Strontium Dithionate, SrSgOe, is formed by neutralising di- 
thionie acid with strontium hydroxide.'^ It is isomorphoiis with the 
eorrt'sponding calcium salt. It may also be obtained by acting upon 
strontium nitrate with sodium dithionate in solution, cooling slowly, 
and evaporating the solution at or above .50° C., when a monohydrate 
is obtained.® ^ At ordinary temperatures it crystallises with -t mole- 
cules of >vater in large hexagonal plates, which are stable in air and 
rotate the plane of polarisation to the left.® The solution is inactive. 
The salt loses water of crystallisation at 78° C.*® It dissolvTs in 4-5 parts 
of water at 10° (\ and in 2*5 parts at 100° C.,” but is not very soluble in 
alcohol. The heat of solution in water is —9*250 Cal.^* 

Stroirtlum Tetrathionate, SrS^O^, is obtained by the addition of 
strontium acetate to tetrathionic acid, and subsequent precipitation 
with absolute alcohol.® It is also formed by the oxidation of strontium 
thiosulphate with iodine. When a solution of strontium tetrathionate 
is evajiorated, thin prismatic crystals containing 0 molecules of water 
of crystallisation separate. They are not very stable, and the solution 
has a tendency to split up into sulphur, sulphur dioxide, and strontium 
sulfiliate. 

Strontium Sulphate, SrS 04 , occurs naturally as the mineral 
celestine, or associated with barium as barytocelestine. ('destine forms 
rhombic crystals, sometimes of a blue colour, hence its name. Certain 
waters contain strontium sulphate in solution.'® It may be obtained 
as a microcrystalline precipitate by the action of sulphuric acid on a 
strontium salt, or in larger crystals by the fusion of an excess of strontium 
chloride with potassimn sulphate,'^ by heating the precipitated sulphate 

’ Moi6»san, Compt. icnd.t 1902, 135, 663. 

* Rohng, J. prakt, Chem., 1888, [2J, 37, 232; Rammclsbcrg, Pogg. Annalen, 1846, 67, 
249 ; Mu^ratt, Annalen, 1844, $0, 274. 

* Birnbaum and Wittich, Ber., 1880, 13, 651. 

* Rammelsbcrg, loc. cit . ; see also Rohrig, he. ctf 

* Forster, Pogg. Annalen, 1866, 133, 94, 228; Mourelo, Compt. rend., 1898, 126, 420, 

* Hinds, J. Amer. Chem. Soc., 1911, 33, 610. 

’ Welter and Gay-Lussao, Ann. Chim. Phya , 1810, [2], 10, 314. 

^ Kessler, Annahn, 1848, 68, 231 ; Pogg. Annalen, 1848, 74, 274. 

* Bodlander, Zextach. Kryat. Min., 1884, 9, .309; see also Pape, Pogg. Annalen, 1866, 
12s, 613 ; 1870, 139, 224 ; Bichat, Bull Soc. chim., 1873, f2l, 20, 436. 

Pape, Pogg. Annakn, 1866, 125, 513. 

» Heeren, ibid., 1826, 7, 177. 

Thomsen, Thermoehemiatry, English tran.Hlation by Burke (Longmans, Green & Co.), 
1908, p. 60. 

“ Bloxam, Chem. News, 1884, 49, 3. 

Manross, Annalen, 1852, 82, 360. 


AjNj/ «’o ujwt'uuJNtta.- 

* with dilute hydrochloric acid in a sealed tube at 150® C.,> by precipitatinj* 
very slowly from extremely dilute solutions,* or, finally, by evaporating' 
the sulphuric acid solution of strontium sulphate to dryness.® The 
density of the precipitated sulphate is 3-7-,‘b8,* of natiiral eeli‘sline 
8‘92-3-96, and of artilicial 3-927.'’ The specific heat of eelestinc is 
0135.« 

Strontium sulj)lmte melts at 160.5® but becomes hasje through 
loss of sulphur trioxide.® There is a transition point at 1*152® V. to 
a-SrSO^, isomorphoiis witha-CaSO, aiula-BaSOi, with both of which 
it is miscible in all proportions. Below this transition point strontium 
sulphate is completely miscible with barium sulphate, but only [larlially 
with calcium sulphate.® 

Carbon, carbon monoxide, and oUkt reducing agents reduce it at 
red heat, forming the snljihide.^® On boiling with sodium carbonate 
solution it is Iransformcd into strontium carbonate.’ ^ 

Under the inlluenec of the cathode rays, stronlium sulphati' 
shows a pale lilac fluorescence, whu'h is not materially affected by 
the presence of manganese, but is changed to a brilliant oianw bv 
bismuth.’* • 

Strontium sulphate is only slightly soluble in water, 1 litre of the 
solution at IS® ('. containing 1-245 nnlh-cquivulcnts, or 11 13 mgm.’® 
The heat of solution is —0-3 Cal.’'* The solubility varies a cry little 
with temperature,’® but is notalily increased by I lie pri'st'ncc of acids, 
as is indicated by the following tabic : — 



Increase in SolnbihU at 20° (' m mem. SrhU. pci I 

( ' (’ containing 


mgin -<‘(jiiivalent of Acid. 


1 mgm -equiv. 





of AckI 






IKl 

HNOj. 

OJf^l’ICOOH 

IR'OOH, 

0 2 

0 29 

0 73 



0-5 

0 90 

1 46 



1 

1 72 

2 01 

0 104 

O'OSO 

2 

2 20 

2 44 

0 133 


10 

3 25 

3 22 




* BourgeoiH, Compt. rend , lh87, 105 , 1072 

* de JSchulton, ibid., 1903, 136 , 1444. 

3 Gaubert, ibid., 1007, 145 , 877. 

* Filhol, Ann Chim. Plujs , 1847, [3], 21 , 417, Schroder, Pugg. Annalen, 1859, 106 , 

226 

® Manrosa, he. cit. 

" Kopp, Aiinakn Suppi, 1864-6, 3 , 290. 

’ Orahinann, Zetfjich anoig. Ghem., 1903, 81 , 267. 

* Bouaaingault, Ann. Chim, Phys., 1867, [4], 12 , 422, 

* Grahraann, Jahrb. Mtn., 1920, i, 1. 

See Strontium »Sulphide. 

' Herz, Zeiisch. ahorg. Chem., 1910, 68 , 69. 

de Boisbaudrun, Compt. lend., 1886, 103 , 468, 629; J. Chem. 80 c., 1887, 52 , Aba , 
3,4 

, Kohlrauach, Zettsch. phynhU. Chem., 1908, 64 , 129; see also Holloman, ibid., 1893, 
12 , 131. ' 

' Thomsen, he. cit., p. 137. 

Ostwald and Banthisoh, J, prakl. Chem., 1884, [2], 29 , 62. 





176 


THE ALKALlto EARTH METALS. 

The solubility is diminished by dilute sulphuric aeid. It is increased 
by alkali chlorides and ^nitrates/ by calcium salts,^ and even by 
strontium salts, probably owing to the formation of a complex ion. The 
solubility IS deereased by sulphates and alcohol. 

A colloidal ])r(‘cipitat(‘ of strontium sulphate is obtained by precipi- 
tation from an alcoholic solution of strontium thiocyanate.® 

Double Salts : 


Sait 

Authonty. 

% 

\ X 

1 

Caleagm, Alh U. AvcaiL Lincci, 1012. [.j], 
21, 11 , 71 . 

SrSO^.Kg'^D, 

Caleagm, lac. cit. S(‘e also Rose, Jalnrs- 
hn., 1S.5I, 202. 

•iSrSOi.KsSO, 

(irahmann, Zcitsch. aiuag. Chem., 1013, 
81, 257. 

Si'SO,.Ti(SO,), 

Wemland and Kiibl, Zeitscli. aantg Chem., 

e 

1007, 54, 2.53 

SrS()4.Sn(S().,)2.;3HoO 

Wemland and Kniil, Ber., 100(1. 39, 2051. 

SrSO,i.Sb.,(SO,).,.()HV) 

Kiilil, 'Zett.sch aunig. Vheui., 1007. 54, 250. 


Acid Strontium Sulphate, SrIl2(SO,)^, is obtained by cr\stal- 
lisation irom a solution of the sul])hatc in hoi concentrated suljihurie 
acid. At TO"" 14 paits of stiontium sul|)hale dissolve m 100 of acid. 
On lowering Ihc temperature, tabular rhombic crystals are obtained, 
and on raising it, cubes and octahedra.‘ Hy exposure of the crystals oi 
the solution to I lie air, brilliant leallets of the monohydrate are form(‘il.® 
Strontium Pyrosulphate, SrSgO-, is formed by the action of 
sulphur trioxidc on strontium sulphate in a si'alcd tulie.'' It attracts 
moisture ra])i(lly from the air and rca<‘ts \ igoroiislv with watci, 

STllONTIUM AND SELKNIU>r. 

Strontium Selenide, SrSe, is obtained by tiu- reduction of 
strontiiiiii selenite b} hydrogen at 600° It is a whiti‘ micro- 
crystalline substance, of density wilh a reddish tinge, probably 

due to the presence of selenium, and it is more fusible and less stable 
than calcium selenide,” It can also be prepared by heating seleniuni 
with strontium oxide or carbonate,® The heat of formation from tlie 
elements is 77*14 C'al.^® The phosphorescence of strontium sclemde has 
been studied by Pauli and Kittlcmaiin.® 

^ WackeiiL'odoi, AiUiakn, 1842, 41 , 315, Virok, Jnhenher., 18(32. 127, ‘’('f also 
Wolfmann, Vhem Zanlr., 1897, 1 , (332 

® Raffo and Rossi, Oazzelta, 1915, 45 , 1 , 45, 

® von Woimarn, Zeikch. Chein. Ind. KolL, 1908, 3 , 89. 

* Garsido, Ghem News, 1875, 31 , 215 
SuhulU, Pogg Annaleii, 18(58, 133 , 137. 

” Schulze, Jkr , 1884, 17 , 2705 

’ Henglem and Roth, Zetkeh anotg Ghem , 1923, 126 , 227. 

* Fabro, .-IriH Chim. Phyt , 1887, [(3], 10 , slo 
“ Kittleraann, Jnw. Physik, 1915, [4], 46 , 177 

do Forcrand, Ann. Ghm. Phy^., 1911, [ 8 ], 24 , 272 ; but aco Kittlomaiin, loc. ctt. 

" Pauli, Ann Phynk, 1912, [41, 38 , 870; sec also Calcium Solenide 






Strontium Selenite, SrSeOg, is obtained by the netion of an 
alkali selenite on a soluble strontium snlt*in either aeid or neutral 
solution. Whether it is anhydrous or hydrated depends upon condi- 
tions, the two hydrated forms known being SrScO^j.MlI^O and 
2SrSe03.7ir20 (?). An aeid salt, Srll^Se^O#, may also be ol)tainedd 
Strontium Selenate, SrSeO,, is obtained as orthorhombic 
crystals, similar to the ectestinc from Lake Erie, by fusing an alkali 
selenate to bright redness with sodium and strontium clflondi's. It 
affects polarised light strongly and exhibits plcochroism. Its density 
is 4-25.2 


STRONTIUM AND TELLURIUM. 

Strontium Telluride. An impure tcllunde is obtained by reducing 
strontium tell urate with hydrogen at 8C0° t’.® 

Strontium Tellurite, SrTeO,, is obtained as a voluminous lloccu- 
lent precipitate, very slightly soluble in w-ater, by I lie action of an 
alkali tellurite on a soluble slronlium salt.* 

Strontium Tellurate, SrTe04, forms a wliite fk^-culent muss, 
soluble m a largo excess of water, when an alkali ♦^cllurate reacts in 
solution with a soluble strontium salt.* 


STRONTIUM AND CHROMIUM. 

Strontium Chromate, SrCrO^, may be obtained in rhombohcdric 
scales by fusion of sodium and potassium chromates '\ith strontium 
chloride.'* It IS also prepared by precipitation as a yellow crystalline 
powder of density 3 858.® Short, thick hexagonal |)risms separate from 
very dilute solutions, and long, line needles from eoneentraied.'' The 
precipitation is prev'ented by acetic acid. One part of slrontnim chro- 
mate IS soluble ill 881 8 parts of water at 15® C.® It, is easily soluble in 
all acids and also in molten sodium nitrate.® Fresenius determined its 
soluliility in dilute solutions of ammonia salts and in dilute alcohol. 

A solid solution of strontium chromate in barium chromate is obtained 
by precipitating barium ehroinatc m a solution eonlaining strontium 
chromate and acetic acid. There is an approximately constant relation 
between the concentration of strontium in the solution and the amount 
retained by the precipitate.^® 

Double Salta. —The double chromates, SrK2(rr04)2“ and Sr(NII|)2 
(Cr04)2,*® are formed by acting upon a solution of a strontium salt wulh 
excess of a concentrated cliromatc solution. Compounds with mercuric 


1 Nilaon, Bull Soc. chim., 1874, [2], 2i, 263 ; Muspratt, J. Ckm. 8oc., 18»), 2, GO. 

* Michel, Gompt rend , 1888, lo6, 878. 

® Henglem and Both, ZeiUrh, anorg. Chem., 1923, 126, 227. 

* BerzoUufl, Ann, Cbm,. Phy9., 1835, [2], 58, 258. 

*’ BourgeoUi, Gompt. rend., 1879, 88, 38l 

® SebrMer, Dichtigkeitsmeaaunyen, Heidelborg, 1873. 

’ Autenrioth, Ber., 1904, 37, 3882. 

“ Fresemus, Zettsch. anal. CKem., 1890, 29, 418; soo also Mesehezeraki, ibid., 1882, 
2 X 399. 

' •' Guthrie, Trana. Chem. Hoc., 1886, 47, 94. 

Duschak, J. Amer. Chem Soc , 1908, 30, 1827. 

” Grdger, Zeitach. anorg, Chem., 1907’, 54, 185 ; BaiTP. Compt. rend., 1914. 158, 495. 

Groger, Zettarh. anorg. Chem , 1908, 58, 412. 

VOL. iH, ; I, 12 
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chloride and liydmchloric acid, (SrCr04..3H},^Cl2)2-nCI ^ and SrCr04. 

2.11(1,^ liavo also been prepared. 

Strontium Dichromate, SrCr207.3HoO, is prepared by the action 
of concentrated ehromie aeid on strontniiii chruniate and subseipicnt 
evaporation over snljihiirie aeid, or by tlie inconijilete saturation of 
chromic acid by caleumi carbonate.'* It is readily soluble in water, and 
forms lurf^e red-brown inonoelinic plates which lose water at 110'’ C'.'* 

Strontium Trichromate, SrCrjOupSHaO, is obtained by the 
action of excess of chromic acid on strontium chromate.* It forms 
j(ranit(“-rcd hy^rroseopie crystals. 

Strontium Chlorochromate, Sr(Cr0jCl)2.4H20, may be ob- 
tained by the action of ehromyl chloride on strontium cliroinate m 
aeelic acid solution.® It forms earmine-red hyfiroseojac crystals which 
melt in their wattT of crystallisation at 72° 

STRONTIUM AND MOLYRDENILM. 

Strontium Molybdate, SrMoO^, analof?oiis with the ealeium ^alt, 
is obtained by ])reeij)itatinj( strontium chloride solulion with neutral 
sodium molybdate.® It may also be ])repared in tlu' foim of white 
tetrujifonal pyramids of density 1 1.35 at 21° (\ by lusm<^ to^etluT sodium 
molybdate, strontium chloride, and sodium chloride.’ Its er\sLalline 
form has been studied by Iliortdahl.** One ]}art of the salt is soluble in 
9000 parts of w’ater at 17" C.® 

All acid salt, strontium octa molybdate, 2SrO..3lT2O.20MoO;j.21ir2O, 
has liccn described.'® 

Complex Strontium Molybdates. -Ry lioilin^r a mixture of 
strontium nitrate and molybdoiodic acid, and then coolin^^, a white 
spon^ry mass of small crystals of com|)osit ion .3SrO(l205.2Mo() ,), 1511,0 
is ])roduced.'* 'Phe normal molybdoiodati* ma\ lie })re])areil b\ tlu* 
action of the lithium salt on strontium nitrate. It is very sotiiiile in 
water, and on evaporatiii;^^ a solution of the salt, the compound 
Sr0.l206.‘.iMo03..3ir20 is ofitamed. Tlu're is also a sulphomoh bdate.*^ 

A double strontium sodium molybdojieriodate, of composition 
tSrO.NagO.IgOj.VJMoO j.20naO, has been described.** and an arseno- 
molybdate.** 


STRONTIUM AND TUNCSTEN. 

Strontium Tungstate, SrW04, may lie obtained as a white micro- 
crystallinc precipitate by the action of an alkali tungstate solution 

’ Imbert and Belugou, Hull Soc chim , 1897, |3], 17, 471 ; Betugou, ibid, 473 

* Imbert and Belugou, he. ett, 

* Prois and Rayinan, Her , 1880, 13, 340 

* Wyroiiboff, Hull fhc fian(} .thn , 1891, 14, 77. 

^ Pratonus, AnnaJen, 1880, 201, 32 

« Schultzo, ibid., 1803, 126, 49. 

’ Clarke and Marsh, /l»ner. J. Sri., 1877, [3J, 14, 281. 

* Hiortdahl, ZriUtch. Krynt Min,, 1887„ 12, 411. 

* Smith and Bradbury, Her , 1891, 24, 2930 
Wempe, Zcitsch anorg Chem , 1912, 78, 321. 

Chretien, Ann Chim Phyn , 1898, [vj, 1$, 368. 

'■ Berzehufl, Hogg. Annakn, 1826, 7, 261 

Blomstrand, Zeitsch. anorg. Chem., 1892, I, 10. 

Pufahl, Her., 1884, 17, 217. 
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on strontium chloride or acetate.^ By fusion of sodium tungstate 
with strontium and sodium eliloridcs - it is fUMiicd as tctra^fonal crNstals 
of density G ISt at 2(1" One pari of the jireeipilaled salt ilissohes 
111 700 parts of "water at 1.1 C.** It is decomposed hj heat/’ 

Several acid tun^^lales are known.'* 

There is a complex jihosjihotunjjstate, 2 Si().P 2()5 12 \VO,i 17 1120/ 
and a borotun^stale.” 

A double sodium strontium tun^^tato may he formed hf tlu' action 
of a boiliiiff sodium par.itun^state solution on strontium eliloridi* '' 

'J’unffsteii bronzes containing; strontium may be obtained l)\ metliods 
similar to those emjiloyed for the })reparation of the eonispondin;; 
calcium eompounds/” I’otassio-slronliiim bronze has the composition 
SrW^Oia oKgWjOi^. and the two sodio-strontuim bron/es. .SrW ,0, 
5 Nao^^' 50 l 5 and SrWiOio.VJXaAV.Og. 

STBONTrilM AM) UBAMUM. 

Strontium Uranate, SrUO,,, is obtained in small mIIow crystals 
by fiisiii^i strontium chloridi' Avith jjreen uranium oxide. 
dmraiiate, heatini; uranium oxide with strontium chlorate. 

The .imorplious diiiranati' ma\ be crystallised from solution in fused 
strontiiim ciiloride 

S'rHONTIUM AM) NITBOGKN. 

Strontium Nitiide, SrjNg, was first obtained by heal iii;; strontium 
amalgam in a curnait of nilrojjfcn.’* 'fhe mercury dislilli d oil', and IIktc 
remained a dark-coloured substance which sliow'cd a metallic liistri' under 
the tile. ^ 

Metallic strontium m small fia^unents nbsoibs nilio};en diii(‘ll\. 
Absorption begins at .•ISO' (’. and is conijilcte at 7aG" ^n\in^f a black 
hy^'roseopie nitride which retains the form of the orij/inal ini lal.''* It is 
decomposed Iia water with th(‘ lormation of strontium liwlroxide aiul 
ammonia With caibon it hums a certain amount of stronlmm cyanide, 
but with eaiboii monoxide, strontium oxide, carbon, and mtro}ren ari' 
chiclly formed. 

Strontium Azide, Sr(N 3 ) 2 , is formed by treatiiiff strontiuni oxide 
with a 2 per cent, solution of hydrazoic acid and erystallisnif; over sul- 
phuric acid, or by boilnif; an excess of freshly jirecipitated strontium 

' Antlum, J praU. (Jhm , IHiJG, |lj, 9, 338 ; Zettnow, Jahu-sber , 18li7, 213 ; Lofoit, 
Amt ('fnin Phy^ , 1878, |r.|, 15, .321 

“ Schultzc, Annalni, 1803, 126, -tO , Mu-hi'l, Hull Sor fimt^ Mu) , 187!), 2, 142 
' Zaiaboniuj, Znti*ck. Kiyst Mm , 1905, 41, 01 • 

' Lisfort, ft/ 

ymith and lluulbury, ISer , 1891, 24, 29,30. 

» Lotz, 18.54, 91, 61 , Atm Vhttn , 18.55, |3|, 43, 210 , Li-furt , nf , 

A/in. Chim. Phyit., 1879, [,51,17,477, von Kiiom*. Hit , 188.5. 18, .320 , Sohfiblm, ./ prnU 
rhrm , 1800, [IJ, 80, 204 , 1861, flj, 83, 273 ; rochard. ('omp/ Ktnl , 1889, 108, 1 107 
■ I’eohard, xbttl , 1890, iio, 754. 

" Klom, Ann Chim. Phys., 1883, [5], 28, 350. 

• (jionzalez, J. prakt. Chem., 1887, |2J, 36, 65 
Kngols, Zeitsch. anorg. Ghem, 1003, 37, 12.5 
“ DitU*, Compt rend., 1882, 9^, 988 

** Maquenne, thtd , 1892, 114, 25, 220; BuU. Soc chim., 1802, [.3|, 7, 300; Arm 
Chim. Phys., 1893, [O), 29, 226, 

Dafort and Miklauz, Monatsh., 1913, 34, 1685. 



liydfrojfide with a solution of ammonium azide.* Colourless, rhombic, 
hygroscopic crystals arc (i)btained, which arc isomorphous with the 
calcium and barium salts, and arc exjDloded by heat but not by shock. 
The cxjdosion tcm})crature is 1()9° C.* The temperature at which 
evolution of nitrogen in vacuo begins is 110'’ C., and the reaction may 
then be continued at 110° C.® 

It is readily soluble in water, 100 parts dissolving 45 83 parts of the 
salt at 10'’ C., and 100 of alcohol 0 095 parts. It is insoluble in ether.* 

Strontium Ammonium, or Strontium Hexammoniate, 
Sr(NH.j)j, is jircpared by the action of dry ammonia on jmre 
strontium cooled to —60° C. Kxcess of ammonia produces a dark blue 
liquid, winch, on evaporation in vacuo, gives off ammonia and deposits 
bronze-coloured crystals. The tension of dissociation is 42 2 mm. at 
0° C. and 275 mm. at 83 .i° C.^ Oxygen acts upon a solution of the 
compound in ammonia at — .>5° to —40° C., with the formation of a 
mixture of oxide and peroxide.® 

The heat of formation of strontium hexammoniate from the metal 
and ammonia is 9 90 t’al.’ 


Strontiuip Amide, Sr(NH 2 ) 2 .— Strontium ammonium is decom- 
posed und(‘r reduced pressure, slowly at 20° C. and rapidly above that 
temperature, evolving a mixture of ammonia and hydrogen, and lca\ing 
a white mass of strontium amide. When dry ammonia is passed over 
strontium heated to 200° C., hydrogen and nitrogen arc obtained and 
some stroiitiamide. x\t 800° C. a mixture of hydride and nitride is 
formed.® ^ 

Hy the absorption of hydrogen by strontium nitride, Dafcri and 
Ml klauz obtained a compouml to which they gave the formula Sr 3 (NIl 2 ) 2 .® 
The reaction begins at 270°- 280° C. and is very vigorous at 150° C’. The 
produ/;jt should be heated slowly to G00°-700° C. to complete the 
absorption. 

Franklin obtained the compound, potassium ammonostrontianatc, 
SrNK. 2 NH 3 or Sr(NH 2 ) 2 .KNIl 2 , similar to potassium ammonocalciate.® 
Strontium Imide, SrNH, is formed by the absorption of nitrogen 
by strontium hydride. The reaction begins at 500° C., and becomes 
vigorous at 850" C. At still higher temperatures there is partial forma- 
tion of the nitride. The imide is an orange-yellow substance, becoming 
grecnish-black wlien exposed to sunlight.® 

Strontium Imidosulphonate, Sr 3 N 2 (S 03 ) 4 .- -By mixing together 
solutions of strontium chloride and normd sodium imidosulphonate the 
strontium sodium salt, SrNaNSjOg.aHjO, is formed.*® The normal 
strontium salt can be obtained from this" by dissolving in dilute hydro- 
chloric acid, pouring at once into a slight excess of a warm concentrated 


1 Dennis and Benedict, J. Amr. Chem. Soc., 1808, 20, 226 ; Curtins and Bissom, ./. 
praktrCkem., 1898, 121, 58, 280 

2 Wohler and Martin, Zeitsch. angeio. Chem., 1917, 30, .33. 

* Ticde, Ber„ 1916, 49, 1742. 

* Curtins and Rissom, loc ciU . 

5 Bilte and HOttig, Zeitsch. anorg. Chem., 1920, 1I4, 241 ; Biltz, Zeitsch. Eleklrochem., 
1920, 26, 374 ; Roederer, Compt. rend., 1905, 140, 12.62. 

« Rooderer, BuU. Soc. chim., 1906, [31, 35, 716. 

^ Biltz, loc. ciU 
" Dafnrt and Miklauz, loc. cit. 

» Franklin, J. Amer. Chem. Soc., 1916, 37, 2296. 

Berglund, Jahresber., 1876, 177. 


'^’" . . ' . *' ’*’“ 

-solution of strontium liydroxido, and repeating twice to remove sodium, j 

[t forms tliin glistening scales, and resemhfes the Imrium suit but is 
more soluble. The* freshly dried salt contains 1‘2 molecules of ^^aleI•, 
but after fourteen days’ exposure only 5 moleeuh's. lly preeipitalmg 
with a concentrated solution of the ammonium salt and evaporating in 
a desiccator, a hydrate containing 5 or moleeiiles of ^^ater of crystal- 
lisation is formed. Hv boiling the duodecahydrate a sli^dilly basic 
pentahydratc is obtained. 

Crystalline acid and basic salts liaAc also been jirepared.' and a 
mcrcurimidosulphonate, lIgSr2N2(S03)4.l5ll2().‘‘' 

Strontium Ilyponitrite, SrN.262, is o’btaine<l bs Die aeiion of 
strontium cJiloride on silver hypoinlrite, and crystallises witli ij mole ciili s 
of water, which it retains even at 100" ('.* It is also formed wlien iiitrn’ 
oxide acts upon strontium ammomum dissolved in ammonia.'* 

With acetic acid it forms the compound SrX20...Sr(C'll ,CO())n. 

liciraC'ooir.'iiraO." 

Strontium Nitrohydroxylaminate, SrNgOj, is forim il Mmilarl\ 
to the calcium salt as a lino crystalline preeipilate of eoniposition 
SrX^Oj.l When dried at lOtC- 1*20'^ ('. it eorre.s^ionds to llie 
J'ormula vSrN aO 3. IT-jO. ’ 

Strontium Nitrite, Sr(N02)2, is prepared similarly lo I lie ealcniin 
salt by llu' :i(‘tion of .silvt'r nitrite on strontium eliloride.*^ It has a 
yellow colour more jironoimced than that of calcium nitrite, and crystal- 
lises at ordinary teni])eratures as the monohydrate of density ‘2 ION.*' 

Jiy evaporation at 70’ 80'’ C. the anhydrous .salt is obtained."’ *11 melts, 
and at the same tune deeom})ose.s, at about ‘2t0'’ C. 

Tlic molecular volumes of the nitrides have been studied by Itay." 

Oswald has determined the solubility m water and obtained tlie 
following values - • 

TempciMture, . , 0 ‘20 M) (10 SO 100 

l^lrts Sr(N02)a-if2^^ 

100 parts water . 58 0 75.5 01 116 115 18*2 

Tlie saturated solution boils at 1 1*2 5’ C. under a pressure of 768 mni,, 
and there is slow but decided hydrolysis. The eryohydrie temperature 
IS —6 8'’ C., and the com])osition of the solution 8*2 8 ])er et'iit. of nitrite. 

A doulilc salt with eiesnim. CsSr(N02)3.1l2O, and a triple salt with 
ciesium and silver, Cs3AgSr(N02)e.‘21l20, are known, *2 and also a double 
strontium nuTcury salt, alIg(N02)2.‘2Sr(N02)2.5ll2f>d® 

Strontium Nitrate, Sr(N03)2» may be obtained by di,ssolving 
strontium hydroxide or carbonate in nitric acid and crystallising from 

‘ Diven and Haga, Ttans, (Jhem Hoc , 1890, 69, 1022 

i Boiglimd, Jahresber., 1876, 177. 

® Kirechner, Zeiinch anor(j, Chetn., 1898, 16, 420 ; l>ut hw Alaijtioiine, Ann. Chim. 
Vhya., 1889, [6], 18, 602. 

* Rooderer, loc. rit. 

« Maquonne, he. cit. 

• Angeli and Angelico, UaiizeUa, 19U0, 30, i, 693. 

^ Angelico and iWara, xhid.., 1901, 31, 11, 15. 

» Vogel, Zeitsch. anorg. Chent., 1903, 35, 385 ; see also Hainiw, Annalen, 1863, 125, 34^). 

» Oswald, Ann. Chm. Phya , 1914, [9], i, 32. 

Vogel, he. cit. 

0 RAy, Proc. Chetn. Soc , I9(18, 24, 240 ; Trnna. Chem Hoc., 1909, 95, 60. 

, Jamieson, Am&r. Chem. J., 1907, 38, 614. 

T “ R&y, Trans. Chem. Hoc., 1910, 97, 326. 



182 


THE ALKALINE EARTH METALS. 

the hot solution. It is prcpiirrrl technicnlly liy jirceipitation from ron- 
eentratrd solul ions of stroiflnim chloride and sodium nitrate.^ It forms 
octalicdra or cubic octahcdra isodmiorphous \\itli strontium chlorate ^ 
and ol density 2 -08 at IC-8'^C.^ Its mcltin^-jioml is (It.T’ With 
|)otassiiun and sodium nitrates it forms a ternary cnteetie mixture of 
me]tinj:^-])oint 2()8‘r C'., consistmj^ of 9 cipiualents of strontium, oO of 
jiotassium, and H of sodium.® 

From a' cold saturated solution tlie tetrahydrate, Sr(N();,). 2 . Ill20, 
separates out in moiioelmie prisms'* of density 2-11 2 20 .' Tiiese melt 
111 their water of crystallisation, which is readily lost at 100° ('." It 
has also been staled that a dihydrate separates from eohl solutions '• It 
IS jirobable that the transition tem[)erature fromtlu' tetraliydiati' to the 
anhydrous foim is belwirn .‘10° and tO' (’.. because at .‘12° ('. both I’oims 
have been obtained by crystallisation from solution.'" Tlielieal ol solution 
ol the aidiN (Irons salt is t'f)2 Cal., and of the liydralc'd — Jl-Oa Cal. The 
lieat, of hydration is 7-08 Cal," 

The folhminji values foi the solubility of strontium lutrati' are eom- 
piled from \arious data " : 

1'cmp(‘ralur(‘,'°C. . —(5 0 10 20 00 K) 00 80 tOO 108 

Parts Sr(N() 3 ) 2 iu 100 

parts water . ;12'5 ,‘l!)-r> 50 0 08-0 87 0 01 8 01-0 07 2 101 108 

Thed('nsities ‘’'and boiling-points," the eoellieKMits of evpansion.' ’tin* 
freezing-points,’" the viscosities,'' the relVaetivi* mdiees,^'' and the e(|iii- 
\alent c(,*ndueti\ ities of solutions of different (‘oneenlrations lia\'(“ beim 
studied. 

Stiontium nitrate is not very soluble m alcohol, one part dissohiiig 
III 8500 of aleoliol.-" No eompouml is formed. The tetrahydrate is in 
(‘({Uilirbrium with solutions m dilute alcohol, but the anhydrous salt with 
solutions in eonc'cntrated alcohol.-' 


1 Miuk, Bn , iss:i, i6, 2.m 

* Tiuiihe, ZidMh Kiyd, Min . ISIU. 23, 13r> 

' Clarke, Condunf'^ of Xatun, l*ait t iMacmill.wi & Co ), 1888, p ill 

* C(UiiL'llc\ , Ttitfi', ('hint aSoi , 1878, 33, 270 A much vahir. .'>70" ni\i'ii 
In' 8auna> and lOumdifopoulos. /'/id. M/i(/ , l8tH>. [,')|. 41 , JUm 

‘‘ } tell kills and (larke, ./ .Iwkv ('/uw AV . 191.7,37, 1819 

" liHUicnt, Inn (.'him /'Ays , I8.')2, [.I], 36, 3.)2 , liakcr, CAoh 1889,42, lOh 

,\i loiding to (U‘ Sciiaimoiil, .J«« ('him /’hi /\ , 18, It, j;}], 41, il contain'^ ."lljO 

’ t'avic and Val'^on, Jahienbn , 1873, 88 

® Soiichay and Len.ssen. Annnlen. 18.70, 99, 4,') 

* do Copput, Ann Chim Phjs , 1872. [4J, 25, .747 

OakiT, /or cH ; soi) also Fmdla;i, Morgan, aiul Moiriw, '/Vrun i'/um Hot , 1914. 105, 
779 

Thomsen, T/mnwchemiitry, Knglish tianslatioii by Biiikc' (Lungmaii.s, (.Jiccii Co ), 
1908, pp. 02, 80. 

Kremers, Pogij Annalcn, 1854. 92, 497 ; Etant, Ann. Chun Phijn , 1894, |7|, 2, 528. 

(Icrlach, Zntsch. anal C/imi , 1888, 27, 283, 329; -loiic.s anil (Jctimin, Zcil^ch 
phymkal, Cheni., 1904, 49, 407 

Cerlach, Zalsch anal Chan , 1887, 26, 448; Zcitsch. jt/iy-Ai/cal Chan., 1902, 

39, 418 ; Jone.s and (lotraan, he. cit 

Lannoy, Zeitsch. physi/cal. Chem., 189.5, 18, 409. 

do Coppet, Ann. Chm. Phys , 1872, [4], 25, .548 ; .Jone-s and (iotman, hr at. 

Wagnei. Wivd AnnaUn, 1883, 18, 259; Z,c\tsch phym/cal. Chau., 1890, 5, 31. 

''' JonoH and (Jotman, loc. at. 

'• Kohliaubch and Gruneiaen, r K Akad. R'wa. Z?rr/i/i, 1904, 1215 ; Kahlon- 

bexg, ,/. J^/iymtal Chem., 1901, 5, 339 ; Joints and Getraan, he cit. 

*® Rose, Pogg. Annahn, I860, I to, 290 

d’Ans and Sieglor, ZeUsc/i. physi/cal. Chan , 1913, 82, 38. 



STRONTIUM AND ITS COMPOUNDS. 


183 


Stroiitiiiin nitrate dissolves to a considerable (‘\tont in liquid nTiimoiua 
in which it IS a good clcelroh t(‘.^ * 

Tile solubilities of stroiiliuiii nitrate and hvdioxide in presinee of 
each other have been studied at •J.T' but no basic sails ha\o been 
isolated.'^ 

Strontiuni nitrate is used in pyiolceliiucs for the production of 
red light. 

STRONTIUM AND PHOSPHORUS. 

Strontium Phosphide, Sr^P.,, has been prepaied b\ heating lamp- 
black with strontium phosphate in the eleetrie furnace It lorms 
rcddish-bro\\n crystals of densit\ ‘J 08, fusible m tin* eleeliie aie. It 
burns in lliiormc at room tempi rat n re, m chlorine at .30' in bromine 
vapour at 17,V U., in iodine vapour at red heal, in oxygen at .300" 
and m suljihur at a still highia teni|)eialurc. It is decomposed by 
carbon at a high teinjicraliire but not liv sodium at red heat, by dilute 
acids and gaseous acids but not by eoneentrated acids, siilphuietted 
h 3 'drogen, ammonia, nor organic sohents. It ebanges rajadly in moist 
air, and is decomposed by walei with the libeiation of phosphoicttcd 
h}drogcn. Oxidising agents attack it \iolentlv.* 

Strontium Dihydrohypophosphite, Sr(H2PO,)^, is lorincd l)\ the 
action of phosphorus on stiontinm sulphide or on a boiling solution of 
strontium hydroxide, or by dissohing sliontium eaihonate in hypo- 
nliosjihoious acid. It lorms stable anhydious leallels, soluble m water 
but not III alcohol.' On heating, it bleaks up simil.iil\ to Ihb ealeiiim 
salt into water, phosphoietted hydrogen, and the inro- end nii'la-phos- 
phates,'’ the two lattei Ix'ing m the molecular proiiort ions ol .3 to 1 

Strontium Hydrophosphite, SrllPO^.H^O, or H^SraP^Oy-iH^O, 
is oblanied as a crystalline precipitate, not readily soluble m wafi i. by 
the interaction of ammonium jiliospbitc with slioiitium chlondc.' It 
loses water at 200" C.’ On boiling with water a basic salt is Ibimed, and 
alter caleniatioii strontium pyrophosphate is left.'’ 

Strontium Dihydrophosphite, SrHiP^O^j, is obtained by disMilv- 
mg strontmm caiboiiale in phosphoions acid m the jiiopoi turns ol one 
molceiile ol the lormer to two of tlie latter." It forms small crystals 
which are imaffeeied by beating to 100^ (. R> dehydration the pyro- 
phosplnle, SrlloP^D-,, is obtained."’ 

Strontium Orthophosphates,- I’husphatv, bi'^RgU^, 
IS obtained by the preeijnlalioii ol stiontium ehlonde with sodium 
pho.spluite 111 amnioriiacal solution. It lirst sepaiates in the colloidal 
state “ with absorjition of licat, but it then slowly crystallises with 
the evolution of heat.^“ When dried at 100’ ('. it lorms a hard vitreous 

* Fraiikiiii and Kiau'., twn^ Chan J , ItMHl, 23, .101 

" I’arhun') and I’eikins, J. Aiiui Chfin. tSoc , 101 0, 32, \'W. 
ilalKaii, ('ompt u-nd , 1809, 129, 702 

* Wuitz, Ann. Cliiiit. Vhy« , 1840, [ilj, 16, 104. 

II08O, Cofjfj. Anrifilen, 1827, 9, 372 

* RamiuelBbcrg, Jkr , 1872, 5, 492. 

’ RamniclabiTg, Pogg Annakn, 1807, 131, 27,1 

* Ramniulaberg, he. cU. ; llobe, Voijg. AnmltH, 1827, 9, 27. 

* Ainat, .ilnn Chim. Phys , 1891, [OJ, 24, 312 
Amat, ibid.j p. 364. 

“ Barthe, Compt. rend, 1892, 114, 1207. 

» Bortludot, ibid., 1880, 103, 9U. 



' BubstaiK'C. It is insoluble in water and is decomposed by boiling 
water, but it is soluble phosphoric acid forming monostrontium 
, orthophosphate. 

Halogen comiiounds of tristrontium jihosphate, of the type 
SSrgPa^jj.SrFg, corresponding to the calcium apatites, are known.^ 

Diairontium Phosphate, SrllPO^, is formed as a gelatinous preci- 
pitate by adding a slightly acid solution of strontium chloride to disodiuin 
hydrogen jihosphate bc-lovv 50° C. It gradually crystallises With 2 
molecules of water.^ It is insoluble in water but soluble in acids and 
in some salt solutions. There is also an anhydrous salt, strontium 
monetite, of density 8-54 k® 

Moimtroniium Phosphate, Srll4(P()4)2.2n20, is obtained by the 
action of dilute phos])horic acid on strontium hydroxide, or on 
distrontiuni phosjihatc, under suitable temperature conditions.^ 

With regard to the study of the solubility of the three strontium 
orthophosphates, owing to their decomposition by water, the same 
tlinieulties arise as m the ease of the calcium comiiounds. 

Strontium Pyrophosphate, SrgPgOj, ean be formed by heating 
distrontium orthophosphate alone, or sodium meta- or pyro phosphate 
with strontium oxide, or strontium sulphate with iiotassiimi pyrophos- 
phate,® or by the j)rcei}>itation of strontium nitrate with sodium iiyro- 
phosphate.® The density of the anhydrous salt at 20° ('. is ;j-t. 

Prepared in the wel way it crystallises with I moleeule of watei’. 
It is soluble in acids, but only slightly soluble m water. Paid obtained 
a hydrat"* with rnolceulcs of water as well as a number ol‘ acid pyro- 
])hosphates, all of wdneh are infusible at red heat.’ 

Strontium Metaphosphate, Sr(POj)2» obtained by dissoUing 
strontium carbonate m excess of ])hosplioric aeicl, evaporating, and 
heatii.g.® 

Strontium hexa-metaphospliate, SrgPjOjg, is formed as a thick white 
lloceuleiit precipitate by the action of the corresponding sodium salt on 
excess of strontium nitrate. When dried it forms an amorphous w'hitc 
powder, which is almost insoluble in water and melts to a glass if heated." 

Double Salts — The following double phosphates hav(‘ been de- 
scribed : the orthojdiosphates, SrKP04, SrNaP()4, and SrNaP()4.01l2O ; 
tlio ])yrophosj)liatcs, SrKoPgO, and SrNajPaO, and the metaphosphatc, 
NaSr(P03)3.3ll20.^^ Colam mentions the compounds 'rhO2.SrO.P2O5 
and UOo.SrO.PaOfi.i^ V 


’ von Woyc-iynhki, Zviti'Ch anoKj. ilhem., 1894, 6, 3lU, Devillo tiiui Caron, Chim. 
Phys„ 1863, [3 J, 67, 462, Ditto, ibid., 1886, 161,8,602; Wmtor, IhsserlaHon, Leipzig, 
1913, 1, aeo J. Cfiem. 80 c., 19J4, 106, Abs, n, 126. 

* Barthe, loc. cU , ; Joly, Compt. iend , 1880, 103, 1197 

* de ychulien, BvdX. 80 c. ftan^. Min., 1904, 27, 109. 
f Barthe, toe. rit 

^ ® Ouvrarxt, Compt. iend., 1888, 106, 1599 ; Anw. Chim Phys., 1889, L6]i 16, 300. 

' ^ Schwarienberg, AnnaUn, 1848, 65, 144. 

7 Pahl, Arkiv. Chem. Min. Geol, 1905, 2, i, No. 6, 1, boo J. Chem, 80 c., 1906, 90, 
f^Abs. ii, 87. 

® Maddrell, AnnaUn, 1847. 61, 61. ' 

* Lttdert, ZetUck anorg, Chem., 1894, 5, 36. 

Rose, Pogg. AnnaUn, 1849, 77, 293 ; July, Compt. rend., 1887, 104, 906, 1702 ; 
Ouvrard, ibid., 1888, 106, 1599 ; Ann, Chim. Phys., 1889, [6], 16, 300. 

■ “ Baer, Pogg. AnnaUn, 1848, 75, 166 ; Ouvrard, toe. cit. 

, 1* Lindbom, Ber., 1876, 8, 122. 

Colani, Compt rend., 1909, 149, 207. 

Colani, Ann. Chim. Phys., 1907, £8], I2, 139. 


Basic Strontium Phosphate, 4 Sr 0 .P 205 , is obtniix'd in sinsill 

uidralic plates by fusion of excess of strontium oxide with sodium 
carbonate and neutral sodium pliosphatcj 

Strontium Thiophosphate. -The compound Si\,ll 6 (PS 3 ())i.iui. 
has been isolated. “ 

STRONTIUM AND ARSENIC. 

Stpntium Arsenide, Sr^As^, is prepared by tlu- mlnction of 
strontium arsenate by carbon in the electric furnace ' It is very similar 
in aiipcarancc to calcium arsenide, forming a transparent crvstalline 
niass, reddisli-brown m thin sections, and of density ;Mi at 1.5° C\ 
Fluorine reacts in the cold with incandescence, prodiicinyf while fumes 
of arsenic (luoride. Chlorine reacts at KMC C., bromine abo\c 200' 
and iodine vapour when strongly healed. The arsenide burns in oxy^ren 
and in suljihur vapour above a low led heat. Carbon d('coin|ii)ses it m 
the electric furnace, ^,Mvin^r carbide. It reacts with water in tJu* cold. 

Strontium Orthoarsenites. - An impuretiistrontnim orthoarsenite, 
containing more strontium than corresjionds to the formula Si^As^Ofl, 
has tiecn obtained as a white lloeculent precipitate bv touting stron- 
tium chloiidc solution with potassium orthoarsenite in the eold.^ The 
distroiitiimi orthoarsenite, SrllAsO^.lI^O, mav also be obtamcil by 
first preci[)itaLmg the amorphous arsenitc by the action ol an alkali 
arseuite on a strontiimi salt, dissolving m acetic acid, and evaporating 
the solution.* 

Strontium Pyroarsenite, Sr 2 A 8205 . 2 H 20 , may be pivfiared by 
adding an aqueous arsemous acid soliilion to stroiilium (‘blonde' dis- 
solved 111 alcohol, lea\mg to stand for some tune, and drying the w'hite 
lloeculent precipitate at 100° C. It is easily soluble m water and m acids.'* 

Strontium Metarsenite, Sr(As02)2.4H20, has bevn prepared by 
the action of ammonium arsenitc on a solution of a strontium salt. The 
precijntate is increased by tin* addition of alcohol, since it is fairly 
soluble in Mater. When drii'd at 100° C. il has the conqiosition 
Sr(As()2)2..'lIl20. At higher temperatures it is dccomjioscd.*’ Staven- 
hagen tailed to obtain Ibis eoinpoimd. 

„ Strontium Orthoarsenates, ily fusing sodium arsenate with 
^ strontium oxide and alkali chlorides, Instrontium arsenate in long 
I colourless orthorhombic prisms is obtained, provided the proportion of 
fctwsenate is not below 12 per cent, of the mixture when chlorinated 
^^oducts are formed. It is soluldc in dilute acids but not affect (‘d by 
boiling water.® It may also be prepared by adding stron-tiiim liydroxide 
solution to arsenic acid and washing the jireeijntatc to neutrality.’ 

Compounds with strontium halides corresponding to ajiatvtc and 
w'agrierite have been prepared. * 

Distrontium orthoarsenatc, SrllAsO^, is obtained as a eryslalline 
precipitate from hot solutions of disodium arsenate and strontium 

^ von Woyoayneki, Zeitsch, anorg. Chew , 1804, 6, 310. Sec BohIc Calcium PhoHphato. 

• Ephraim and Stein, Ber., 1011, 44, 3406. 

• Lebeau, Compt. rend , 1899, 129, 47 ; Ann. Ghim. Phys., 1002, fTJ, 25, 470. 

, " * Stavenhagen, J. prakL Chem., 1895, 12], 51, 10 

® Stcuj> Annakn, 1860, 74, 218. 

< Lefovro, Ann. Chiin. Phyn., 1892, [«|, 27, 10 ; Ditto, ib\d., 1880, [0], 8, 002. 

’ Blaroa, Compt rend , 1880, 103, 039. 

• l^efevre, toe. ctf. ; Ditto, toe. ciL ; Gompt, rend , 1883, 96, 840, 1220 ; von Woyc/.ynnki, 
kitBch, anorg, Ghem., 1894, 6, 310. 
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chloride. When dried at 100° C. it has the formula Sr 2 H 2 (AsO 
Itissoluhle in acetic acid aijd crystallises, out in leaflets as SrllAsOj.IIgOj^ 
strontium haulinjrcnte, of density 0*000 at 15° C,® The anhydrous salt, 
strontium arsenoinonetite, forms tnelmic prisms of density i*005.‘’ 

S('vcral double arsenates with the alkalies arc formed, SrNaAsOj, 
SrKAsOj,'^ SrNaAsO^.lOlIaO,® SrNaAsO^.IlaO, and 911/).’ 

Strontium Pyroarsenate, Sr 2 As 207 , is formed as colourless 
trans])arent- crystals by the action of lused jiotassiuin metarsenate on 
strontium oxide and subsequent treatment with anhydrous glycerol.” 
C'hloride may be substituted for the oxide proMded that the arsenate 
forms more than 70 per cent, of the mixture.’’ The salt is hydrated by 
tlie action of cold water. 

Strontium Thioarsenites. - Two thioarsenites, ‘2(SrS.As.,S3)..'jII.>0 
and ‘JSrS.AsoSjj.l.^IIoO, have been obtained by the action of thioarsemous 
acid on strontium suljiliide in aqueous solution.” 

Strontium Thio-oxyarsenates. — The eompounds Si'aNagAsgOj^Sj. 
ITll/) and NaSrAsOSy.lOlLO ” have been separated. 

' STRONTIUM AND ANTLMONV. 

Strontium Thioantimonite. -By the action of strontium sulpliulc 
in aqueous solution on antimony sulphide, a white eiystalline ortho- 
thioantimomtc, SrjSb^S^.lOlL/), and a yellow crystalline jiyrothioanti- 
moiutc, SroSbjSj.lSllaO, arc formed.^^ 

Strontium Antimonate, SrSb20<j.xHj,0, is forined as a white 
ainorplious ])recipilate by the action of sodium antimonnti' on stiontiiim 
chloride.^'^ 


STRONTIUM AND VANADIUM. 

Strontium Orthovanadate, Srj(VOi) 2 » obtained as 

transparent yellowish leavts by heating vanadic acid with sodium 
and strontium iodides.*'* Ilaloj>eu compounds corresponding to the 
ajiatites and waf>nerites have also been obtained.*'’ 

Strontium Metavanadate, SrV20ft.4H20, is prepared as a faintly 
yellow, powdery precipitate by ilu* action of the normal potassium salt 
on strontium chloride.*® R loses 2 inoleeiiles of water over sulphuric 
acid, and the rest at 280° C,, when it melts to a brown ^lass. 

A number of acid salts have been obtained, which, on treatment 

' Kothclioulioy, Annulen, 18a0, 76, 2411 

* Schioter, JaJ^re^ba., 1804, 237 

® de t>chulten, Bull. Noc ftan^. Mtn., 111(14, 27, 1(14 

* do 8chuiten, %bid., ]). lO'J. 

* Lofevro, loc. at, 

* Joly, Govipt. rend., 1887^ 104, 905, 1702. 

’ Salkowaki, J. [1 ], 104, 129. 

* Lcfdvrc, 10.58. 

Nilaon, J, [2J, 14, .52. 

McCay, 21, 487. 

“ McCay and IroitiMIgcttoc/t. anorg. Ohem., 1904, 41, 402. 

Pouget.^m^i^W-. 1898, 126, 1792. 

w Hefftor.^tf. iwNolcw, 1852, 86, 418 

Ditto, Compt. rend , 1883. 96, 1048 ; Ann Ghini, Phi/s., 1880, jOJ, 8, 502. 

** Ditto, Gompt. rend., 1883, 96, 840, 1220 ; A»n. Ghtm, Fhys., 1886, [6], 8, 502. 

Berzelius, Pogg. Annalen, 1831, 22, 67 ; Mauaase, ^Innciew, 1887, 240, 23. 
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with water, give the normal salt.' There are also some rliuible slnmtmin 
potassium aeul salts.- i 

Strontium Pervanadate, Sr(V04).^, is obtained as a yellow 
Hocciileiit ])reeipitalc by mixing together sliontiiini ehloride and a 
saturated animonium penanadate solution, washing w'lth hydrogen 
peroxide, and drying over ealeium ehloride.* 


STltONTIlM AM) CAUHON. 

Strontium Carbide, SrC^, may be obtained In ilieai’lion of sugar 
charcoal on strontium oxide or stiontium earbonah' in I In elcetrie 
furnace. It forms a black mass with a biown-red erxstaihiie liaelnre, 
and has a density o( .‘MJt It deeomjioses wafi'r witli the loiiiintion ol 
acetylene, and, in general, its ehenneal l)elia\ioui is similar to (hat ol 
calcium carbide, but it is somewhat more react i\('.' Whi'ii he.iled 
strongly in the electric fninaee, strontium earbnle will dissolve as nmeh 
as () per cent, of earlion.'* 

Strontium Carbonyl, Sr(CO)^. Whc'ii a solution jol slronliuiii 
ammoimim in ammonia is tieatid with carbon inonosi le at 15' t'., a 
dull \ ellow', jiowih ry mass ot stiontium eail)on\ lisolitained. It heeonies 
bright \ellow on exposure to moist air, forms a eleai yellow solution 
with water, and blackens when healed under ledmx'd piessuri \icldmg 
a niixlme ol eaibon with strontium oxide and carbonate.'* 

Strontium Formate, Sr(llC()2).2, is foimed in solution l)\, neiilial- 
ismg foiniie acid with stiontium oxide or carbonate. From this solid ion 
a diliydiatc of density 2 GOT" eiystallises out below about KJC C.,'^ and 
above that temperature the anh\ (Irons salt ol density 2 '250 ’ 

'J'hc dihydiate exists in two dilferent rlioinbie crystalline lormik'' 

The fre('zing-])()mt low'enno of water piodue(‘d by .strontium foimale 
has been dctcrimncd."’ The molee'ilar refract ivity is tO-Ol." 

A double strontium eoppei formate, 2 Sr(IIC().^).^.(‘u(llC’() 2 )i. ‘^Il-d), 
of dciLsity 2 1.T3, has lieen prejiared.” 

Strontium Acetate, Sr(C2ll302)2, crystallises m the cold with 
t molecules of water, and at 15*" C. with 0-5 molecule. It is ri'adily 
soluble 111 water, but not in alcohol. The \aliic of tlu (‘h'ctrolytic 
dissociation as determined fioni the freezing-point loWTi’ing is niueh 
greater than that given by eh'ctiieal eoiiduetivity methods.'- 
Aeid salts have also been obtained.*** 


' M.iiliisho, lot til , \itti [I.Min, Joint '.Int , lS.*i‘,>, 177, J ptuLl I'htui , 1 1 j, 

69, 4Ul , Noil)ljui, lid , 187j, 8, 12(>, SchoinT, Ztil'^rh anonj Vhem , IHDS, 16, 2H1 
'■* lot til * 

® Sclu‘U«M', loc. rtl 

* Mois-san. Compt tend , 1891, II8, <188, Tin Ehihic Futnare, Kii|jli‘.h tiaiHidioii 
(WillianiM & Nnrgtiti’), ltK18 , m*o mIho Kahn, Cuinpt tend,, 19U7, 144, Ol.'l 

■’ Kahn, ibid., 1907, 144, 197. 

® Roederer, Bull Hoc chtm., 1900, [8], 35, 710. 

’ Schrodor, Bcr , 1881, 14, 21. 

* Stanley, Chrm News, 1004, 89, 193, sew also glathau, J dhevi,. Soc , 1899, 76, 

T 2^^ 

* Pewtoul, Ann Chim Fliys , 1851, 13J, 31, 98 
Calami', Xeilsch. phy-nkal Vhim , 1898, 27, 4Ul 

" Kanonnikoff, J. prakl. them., 1885, 12), 31, 321. 

MacGregory, Wxed. Annakn, 1894, 51, 120. 

” ViUiers, Compt rend., 1877, 84, 774. 



Strontium Oxalate, SrC 204 , may be obtained as the monoliydratc 
by precipitation from a concentrated solution of strontium chloride by 
ammonium oxalate.^ At low temperatures it crystallises with 2j 
molecules of water. T)ic solubility of strontium oxalate at 18° C., as 
ealeiilated from elcctrieal conductivity determinations, is 0-26 millimole, 
or IC-l mgm. of anhydrous salt per lilre.^ A small quantity of acetic 
acid increases the solubility of strontium oxalate, whicli reaches a 
maximum m approximately 4A acid. By higher concentrations the 
solubility is again diminished.® 

Strontium Carbonate, SrCOg, occurs in nature as the mincra] 
slrontuniiie, of density and isomorphous with aragonite. It 

may he formed by jirceipitation from strontium chloride solution by 
ummonumi curbonate, or by the action of carbon dioxide on heated 
strontium liydroxide,* or strontium oxide at led heat.® 

For tlie teelinieal jiroduelioii several methods may he iMiiployeil : - 

1. Fusion of eelestine with sodium carbonate.^ 

2. Boiling eelestine with a eoneentrated solution of ainmoiiiiiii' 
carbonate.’ 

♦‘h Action jf a mixture of ealcium chloride, carbon, and metallic iron 
on eelestine at red heat. The sulphate is thus converted into the ear- 
bonate by ammonnim carbonate, or by milk of lime and carbon dioxide.” 

I. Boiling with magnesium chloride a solution of strontium hydro- 
suljihide througli wliieh carbon dioxide is passing.® 

The precipitated carbonate can be transformed into stronliaiiite by 
cryslallisiition from sohition m fused alkali ehlori(h‘s.‘® 

The speeilie lieat of strontiamte is 0*1 14-5,“ and of the preeipitaleii 
earhonate 0-1 1483.^^ 'J’he density of the precipitated carbonate i' 
3*55 -3-62.’® 

Strontium carbonate is less readily decomposed by heat than caleiun 
earboiuite. Its dissociation pressure n'aehes 1 atmosphere of carbon 
dioxide at about 1155' but the rate of decomposition only become!: 
rapid wlieii a temperature of 1255° (\ is reached.^® 

The lieat of formation of crystallised strontium carbonate froii 
strontium oxide and carbon dioxide is 57*3 Cal.'” 

Strontium carbonate is dmiorphie, the transition point tothi' a-lorn 
being 920°-929° C.^’ a-Strontium carbonate belongs to the hexagona 

' Kohlraubch, Ztilsch. physikal Chan., 19U8, 64 , 129. 

8 lor. cit. ; Zcit^ch. phyeikal. Ckern,, 1904, 50 , 355; Knliliausch and lluso. 

Ibid., 

3 Her., 1903, 36 , 3715. 

* 1880, 19 , 1973. 

® llaoalt, Comjtt rend., 1881, 92 , 1110. 

* IJ^quhart and Rowoll, Dingl, poly. J., 1884, 252 , 332. 

^ Mobus and Uccastro, ib%d., 1885, 257 , 198. 

* Liober, ibul,, 1883, 250 ^ 09 ; (icrman Patent, 22304 (1882). 

* Claus, Dingl. poly. J., 1884, 253 , 83 ; Soheibler, he. cit. 

Bourgeois, ^Iww. Chtm. Phya., 1883, [ 6 ], 29 , 480. 

See Kopp, Annalen Suppl, 1864-5, 3 , 295. 

Regnault, Chim. Phya., 1841, [3], i, 182. 

Schroder, Jakreaber,, 1859, 12. 

Bnll, Zeitsch. anorg. Ohern., 1906, 45 , 281; Johnston, J, Ainer. Vhetii. Sac., 1908 
30 , 1367 ; see also Conroy, J. Soe. Chem. Ind., 1891, 10 , 104 ; do Forcrand, Compt rend., 
1908, 146 , 611. 

Hedvall, ZcttacA. atiotg. Ohevk, 1916, 98 , 62. 

de Forcrand, he. cit. 

■ n Boeke, Chem. Zentr., 1913, i, 1909. 



“t'lsystehi. The melting-poh)t in an atmosphere of carbon diovide under 
pressure is 1 J<07° CI.^ 

Strontuini carbonate is only \erv slifrlitly soluble in water, the 
solubility at 18° (\ being 11 ingin. per litre, ^ and the solubility product 
[Sr++-] X [COa-"] — l'567x This value M-as deduced from experi- 

ments earned out under a pressure of carbon dioxide varying from 
()-05-l'l atmosphere. A saturated solution of strontium carbonate 
under ordinary atmospherie conditions reacts alkaline, owin^ to hydro- 
lysis. The solubility is increased by the presence of carbon dioxide in 
the water, through the formation of the acid carbonate in solution. 
It is also increased by the presence of ammoniuin cliloridi' or 
nitrate. 

A colloidal solution of strontium carbonate may be foimed by 
passing carbon dioxide through a methyl alcoholic solution of slrontiiim 
oxide. No separation of the gel takes placc.^ 

By the addition of a solution of stiontium chloride to a saturated 
solution of potassium carbonate a transparent jelly-like mass, consisting 
of the double salt, SrCOg.KoCOa, is obtained, and this, on stirring, 
becomes opaipie and tinally granular.'* 

The crystalline double salts, Srt'O-j.K.^t'Oj and Si( O j.Na j(’0„ may 
be jireparcd by fusion." 

Strontium Trithiocarbonate, SrCS3.4H20, is obtained in the 
form of dark red needles by the action of carbon disulphide on strontium 
hydr(»snl|)hide in alcoholic solution and jirceipitation by ether. Thcs(‘ 
become yellow on drying in vfu'un and are much more soluble than the 
barium salt or the basic ealeium salts.’ 

Strontium Perthiocarbonate, SrCSpSH-^O. -By subst ituling tlie 
disiil|)hidc for tlie hydrosulphide m the previous reaction, Vcoman 
obtained the perthioearbonate as yellow crystals. It forms a ypllow 
aqueous solution which can dissolve no more suljdiur. It is soluble in 
alcohol, and is reprecijutated by ether as a re<l oil. 

Strontium Cyanide, Sr(CN) 2 , may lie formed by the absorption of 
nitrogen by strontium carbide," or, in very small quantity, by the action 
of carbon monoxide on the nitride at red heat.® By passing anhydrous 
hydrocyanic acid over crystallised strontium hydroxide*, a solution of 
strontium cyanide in the water of crystallisation of the hydroxide is 
obtained. It is unstable m the presence of excess of liydrocyanic acid. 
On evaporation in vacuo deliquescent orthorhombic (‘lystals of the 
tetrahydrate, Sr(CN).2.4ll20,^® separate out. If dehydration of the 
crystals in vacuo is attempted they lose hydrocyanic acid as well as 

^ Booke, CJicm. Zentr., 1913, i, 1900 

* KohlrauHoh and Rose, Zeitsch phymkal, Ghem., 1893, 12 , 241 ; hoc also Bineiuu, Ann, 
Ohm Phys , 1857, [3], 51, 299. 

® Mc('oy and 8mith, ./. Anm. Chem fioc., 1911, 33, 4(J8. Sco also Calcium 
Carbonate. 

* Neuberg and Rowold, Biorhem, 'AeiUch., 1908, 9, fi40. 

« Datta and Mukherjea, Pror. Ghem, Boc , 1913, 29, 185 ; but see Bane, CompI, lend,, 
1912, 154, 279. 

' , * Le Chatelier, ibid , 1894, 118, 416 

’ Yeoman, Traru. Ghem. Soc,, 1921, 119, 49; see Calcium Tnthiocarbonabi, Soc 
also BcTKelius, Pogg, Annalen, 1820, 6, 444 

* Tucker and Yang, Sth Inter, Gong. Appl. Ghem , 1912, 21, 121 ; J. Ohm. ftor,, lan, 

: 104, Abs. ii, 776. 

* Maquenne, Bull. Soc. chim , 1892, [3], 7, 306 

10 Meitzondorff. Pomt. Anfiale.n. 1842. c6. 70. drserilu'd a trihvflml^^ Ml•/C^Jl. Ilf O 



Strontium Oxalate, SrC 204 , may be obtained as the monoliydratc 
by precipitation from a c6nccntrated solution of strontium chloride by 
ainmonium oxalate.^ At low temperatures it crystallises with 2^ 
molecules of water. Tlic solubility of strontium oxalate at 18° C\, as 
calculated from electrical conductivity determinations, is 0-20 millimole, 
or IC-l mf,mi. of anhydrous salt per htre.^ A small quantity of acetic 
acid increases the solubility of strontium oxalate, whicli reaches a 
maximum m approximately iN acid. By higher concentrations the 
solubility IS again diminished.*^ 

Strontium Carbonate, SrCO.^, occurs in nature as the mineral 
.strontianiU’, of density and isomorphous with aragonite. It 

may be formed by precipitation from strontium chloride solution by 
ammonium carbonate, or by the action of carbon dioxide on heated 
strontium hydroxide,* or slronlium oxide at red hcaf.*' 

For the ieehmeal production several methods may be employed : -- 

1. Fusion of celcslinc with sodium carbonate.*^ 

2. Boiling (‘destine witli a concentrated solution ol’ ammonium 
carbonate, ’ 

3. Action jfa mixture ol* calcium chloride, (*arbon, and metallic iron 
on ccicstmc at red heal. The sulphate is thus converted into the car- 
bonate by ammonium carbonate, or by milk of lime and carbon dioxide.*^ 

t. Boiling with magnesium chloride a solution of strontium hydro- 
sulphide through whicli carbon dioxide is passing.'* 

The preci[)itated carbonate can be transformed into slroiitianitc by 
crystallisution from solution in fused alkali chlorides.*® 

The S|)ccilic heat of strontiamte is 0*Mt5,** and of the precipitated 
earboiiatc 0*1 4 183.*’** The density of the precipitated carbonate is 
3*55 -3 02.*® 

Sti'oiitium carbonate is less readily decomposed by heat than calcium 
carbonate. Its dissociation pressure reaches 1 atmosphere of carbon 
dioxide at about 11.55" C.,*'* but the rate of decomposition only beconu's 
rapid when a temperature of 1255° C\ is reached.*’’ 

The heat of formation of eryslalliscd strontium carbonate from 
strontium oxide and carbon dioxide is 57-3 t'al."’ 

Strontium earbonate is dimorphic, the transition [mint to the a-form 
being 920°-020° C.*’ a-Strontium carbonate belongs to the hexagonal 


' Ivoblraiibdi, Zeilsch. phfpikal Chon , liK)8, 64, 129. 

^ Kohlrwn^, hr. cii. ; Zcthch. physii.nl Chon , 1904, 50 , 355, Kohliau'^ch and l’()s(>, 
Ibid., 1893,1f§34. 

» Hera aipiuhs, Her., 1903, 36, 3715. 

* Sclieib^, %bid., 1886, 19, 1973. 

Haoult, Cornpl. rend., 1881, 92 , 1110. 

« UKiuliart and Kuwoll, Ihnyl. poly. J., 1881, 252 , 332. 

’ MebuH and llecantro, ibid., 1885, 257 , 198 

* Liebw, ibid., 1883, 2 SO| 09 ; (lorman Patent, 22361 (1882). 

* Claus, Dinyl. poly. J , 1884, 253 , 83 ; iScbeibler, loc. at. 

Bourgeois, dan. Chtm. Phys., 1883, [6]» 29, 486. 

“ See Kopp, Annakn Suppl, 1864-^, 3 , 295. 

Rfignault, Ann. Ghim. Phys., 1841, [3], l, 182. 

Schrdder, Jahresber,, 1859, 12. 

Brill, Zeitsch. anorg. Chetn., 1905, 45 , 281 ; Johnston, J. Amr. Gkan. Soc., 1908 
30 , 1367 ; see also Conroy, Soc. Ckem. Ind , 1891, 10 , 104 ; do Forcrawl, Compt. rend., 
,1908, 146 , 511. 

Hedvall, Zeilsch. anorg. Chetn., 1916, 98 , 62. 
de Fororand, he. ciU 
« Boeke, Ghent. Zentr., 1013, i, 1909. 



f'V -systcrn. The meltiiiff-potnt in an atmosphere of enrhon dioviot- inidor 
,/ pressure is 1497° t'.^ 

Strontium earb()iiat(‘ is only very slij^hfly soluble in water, the 
■ solubility at 18° C. being 11 lugm. per litre, ^ and the soluhilitv produet 
[Sr+f J X [C()3--]..-l-5r,7 V 10-^3 This value was dedueed from experi- 
ments carried out under a pressure of earlion dioxide* varying from 
0*05-1-1 atmosphere. A saturated solution of strontium carbonate 
under ordinary atmospheric conditions reacts alkaline, owiiiji to hydro- 
lysis. The solubility is increased by the presence of earlioii dioxide in 
the water, through the formation of the aeid earbonute in solution. 
It is also inereased by the presenec of ammonium eliloruh' or 
nitrate. 


A colloidal solution of strontium carbonate may be formed by 
passing carbon dioxide through a methyl alcoholic solution of strontium 
oxide. No separation of the gel takes jilaei*.^ 

By the addition of a solution of stronimm ehloride to a saliirated 
solution of potassium earhoiiate a transparent jelly-like mass, consisting 
of the doiilile salt, SrC’Oj.KoC'O.,, is obtained, and this, on stirring, 
becomes opaipie and finally granular.''* 

The crystallme doulile salts, SrCO, K./'()> and SiCOj.'fs’a^CO,,, may 
be prcjiared by fusion.^ 

Strontium Trithiocarbonate, SrCS3.4H^O, is obtained m the 
form of dark red needles by the action of carhon disiil))hidc on strontinin 
hydrosnl])hide in alcoholic solution and precipitation by ctlicr. 'riicsi* 
become yellow on drying tn vacuo and are mueh more soluble than the' 
barium salt or the basic calcium salts.’ * 


Strontium Perthiocarbonate, SrCSj.SH^O. -By substiluling the 
disulphide for the liydrosulphidc iii the previous reaction, Yeoman 
obtained the perthiocarbonate as yellow crystals. It forms a yellow 
aipieous solution which can dissolve no more sulphur. Jt is soluble* in 
alcohol, and is re])recipitated bv ether as a red oil. 

Strontium Cyanide, Sr(CN)^, may be formed by the ahsoi'|)l ion of 
nitrogen by strontium carbide, or, in very small (piantity, by the action 
of carbon monoxide on the nitride at ri‘d heat.® By passing anhydrous 
hydrocyanic acid over crystallised strontium hydroxide, a solution of 
strontium cyanide in the water of crystal lis.ation of the hydroxide is 
obtained. It is unstable in the presence of excess of liydrocyamc acid. 
On evaporation in vacuo dclkpiescent orthorhombic crystals of the 
tetrahyclrate, Sr(CN)2.4fIj(),^'^ separate out. If dehydration of the 
crystals in vacuo is attempted they lose hydrocyanic acid as well as 


' Boeke, Chem. Zenlr,, 1913, i, 1909. 

** Kohlraiifloh and Rose, Zeitsch phjmkat. ('hetn , 1893, 12, 241 ; 8 «h‘ .iNo Binofui, Anrt. 

. Chm. Phys , 1857, [3], Si, 299. 

* McC'oy and Smith, J Awer. Chem Sor., 1911, 33, 408. Sec also ('alciuni 
fWbonate. 

. * Neuberg and Rewald, Biochetn, Zeil'ich , 1908, 9, 540. 

® Datta and Mnkherjoa, Pror,. Chem Sor., 1913, 29, 185 ; but see Barre, Com pi. rntd , 
,1912,154,279. 

* LeChatolier, ibid , 1894, 118, 415 

’ Yeoman, I'rans. Chem. Hoc, 1921, 119, 49; boo CaJciiira Trithiocarbonate. Sen 
; also BerzeltUH, Pogq. Annalen, 1820, 6, 444. 

* Tucker and Yang, Bth Infer (jony Appl Chem., 1912, 21, 121 ; J. Chem, Hoc., 191.3, 
104, Aba. ii, 776. 

* Mariuenno, Bull. Hoc. chim , 1892, |3l, 7 , 306 

*T' Mejtzendorff, Poqg, Annalen, 1842, 56 , 70, iIoscmImkI a tnhydrato, Sr(CN),.3]IA)- 
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water.^ A solution can also be prepared by fusing strontium fcrro- 
cyanidc and ext meting w»th water.* 

Several double cyanides are known, some of them no doubt con- 
taining complex ions. There is the strontium mercury compound, 
SrTIg(('N)4.r>Il2(),*anda]sothceompoimdSr{CN)2.IIg(CN)..Hgl2.7H20 4 
Strontium manganoeyanide, Sr 2 lMn((*N),(, has been obtained, and 
St rout mm manganese manganoeyanide, SrMnMn{CN)fl.‘" There arc also 
a eobaltoeyanide and an unstable ehromoeyanide.^ 

Strontium Cyanamide, SrCNj.— Strontium carbide absorbs 
nitrogen when heated to 1000" -1200° C. in an atmosphere of that gas, 
and, as liappcns m the ease of barium, a mixture of cyanide and eyan- 
amide is produced.® 

If carbon dioxide is passed through an aipieous strontium cyanamide 
solution - obtained by dissolving strontium hydroxide crystals in 
aqueous evananude solution, filtering, and adding still more cyanamide — 
a erV''l.‘illme powder of composition 4(SrCN.2.C()2).9ll2() is precipitated.’ 
It IS l('ss soluble in wat<‘r than the corresponding ealeiunj 0'6iV\y)bund, anti 
IS rapidly deeomfiosed in solution. 

Strontiilfn Thiocyanate, Sr(CNS)2.9H-0^ niay be prepared by 
boding a solution of ammoniiini thioeyanato with strontnim hydroxide 
until no more ammonlP is given off, passjn^ carbon dioxide through the 
liquid to remove excess filtering, and evajioralmg.’’ It is 

also formed by the action of th’Oeyanie acid on strontium carbonate.'* 
It IS a viTy deliquescent salt, easily soluble in w'ater and alcohol. 

A double salt is known, 2lIg(CN)2.Sr(SCN)2.1'n20, which loses 2 
molecules of water on exposure to the air.^'* 

Strontium Selenocyanate has been obtained as a crystalline salt of 
unknown composition,^ It forms well-delined prisms.’^ 

STHONTTUM AND SILICON. 

Strontium Silicide, SrSij, lias been obtained by the reduetion of 
a mixture of stronliiim oxide and silica by means of carbon in the 
elcetrie furnace.** It may also be prcjiared by heating together silicon 
and strontium oxide in an ordinary furnace.^® 

It IS a white or bluish- white compound of metallic appearance, 
possessing a ervstalliiic fracture and oxidising sloivly in the air to silica 
and slrontiuin oxide. It is decomposed by water with llu* formation 
of strontium hydroxide, silica, and hydrogen.^^ 

^ -JoanuiH, Vhim Phyn., 18S*2, |51, 26, 482, 

^ kScliulz, J. prakt. Chem,, 185G, fl], 68, 257 

* (juihsman and von Forbt, Ber , 1904, 37, 4141. 

* Vi’iot, C'oinpt rend , 181)5, 121, 499. 

® Dc'^^oanuis, J/it? Chm.. Phyi, , 1881, [5|, 24, 178, For hUonlium plritiii(ic\am<U' 
and fci ro- ami foiii-cyanulos, see S'ol IX. of this sonos, I’arts I and 11. See also \\ illmms, 
Cyanotjm Compound,'' (( 'hurchill), 1915. 

* Tucker and Yan^?, Sth Inter Cong. Appl. Chem , 1912, 21, 121 ; J. Chem. Hoc , 1918, 
104, Abs u, 776 

’ Moyer, J praU Chem., 1878, [21, 18, 419. 

“ Williams, Ctianogen Compounds ((Jhurehill), 1916, p 212. 

* Meitzendorlf, Vogg. Annalen, 1842, 56, 70 

‘0 Clcve, Bull. Bor chim., 1875, 12J, 23, 71. 

Crookos, J ChetfK Soc., 1852, 4, 19 

Bradloy, Chein. News, 1900, 82, 149 ; Mills, English Patent, 14124 (1900) 

Goldsehnudt. Herman Patent, 199193, see J Chem. Bor , 1908, 94, Abs. 11, 1037. 

Mills, loc. cii 



STRONTIUM AND ITS COMPOUNDS. 191 

Strontium SilicatG occurs naturnllv associiitcd witli hannin and 
calcium as the silicoaluniinatc hmvstn itc, Il 4 ^Iia.Sr,('a IAl.jSi^()„.;3np. 
A nietasilicatc, in colourless, transparent, fibrous crystals, of density 
J3-(352, has been formed by fusm«» a nnxtuie of sihea ^\JtIl strontium 
ehloride and strontium eaibonatcA Ii\ rapid coohufi, a praeliealh'^ 
isotropic fflass of density 3-,')K) is obtained, but this can l)e transformed 
into the mierocrvstalhnc variety l)v can'ful lieatin^'.- The he, it of 
formation of strontium metasiiicate fiom stiontnim oxidi* afid silica is 
21-3 Cal.® Its mcltirifT-point is 1580° C’ C * There is also an ortlio- 
sihcatc meltmp above 17.50° ('.® 

liy the action of sodium metasiiicate on a strontium salt a h\diat('d 
mctasihcatc, SrSiO^.i! ,0, is formed.' St 10111111111 hydroxide solution 
reacts with silicic acid or ])o\\dered ipiart/, to produce a miinber of 
acid salts. 

Strontium Fluosilicatc, SrSiF^, is prcjiared by evaporating^ to 
dryness a solution of strontium carbonate in excess of hydrodiiosiheie 
acid, treating vith Mater, lilteim^^ to remove silica, and alloMin^ to 
crystallise.’ It forms monoehme eiAstals** of composition SrSiF„.‘2llo(), 
and density 2*!M) at 17‘.5° (’., Mhieh, on bem|r hi'ati’d, ^nve Tu'st water and 
then silicon tluoride. It is deeom]>osed by water and i»\*all acids I'xeept 
dilute liydroniiosiheic acid.’ 

One ])art of the salt dissolves m 31 parts of water at 1.5" C , and in 
1.520 jiarts of ,50 per cent, alcohol.’^ 

.STRONTIUM ANT) TIN. 

Strontium Stannate. Rv the addition ol potassium ^laimati' to a 
solution of a sirontnim salt, or of st rout mm liydroxide, small transjiarenl 
rhomboludra are oblaiiu'd of composition 3SrO 2 Sn() 2 . 10 lloO. > 'I’he 
compound is insoluble m water, but soluble in cold hvtlroehlorie or nnrie 
acid, fornune a clear solution whiel' ifi latinises on hentm<r."’ 

ChloTostannales, SrSnCI^, KII/), .5112^, and lIUO.^^ a broinostan- 
iiate, SrSnRr^ OIUO.’® and a tluostaiinate, SrSnS, 121120.''* luue also 
been described. 

STRONTIUM AND LEAD. 

Strontium Orthoplumbate. By healinjr together strontium car- 
bonate and lead oxide in air, a ehoeofate-colouri'd compound, probably 
of com])Osition SrjUbO,, is formed. It is insoluble in water, but is 
slowly decomposed by it and also In acids 

* Bourgeois, a ('Inin I'hy- , I SH:t j •> |, 29, 111 

® Jager and \aii Kloostci, ^^pnrhHtnl, IDIJI, 52, 2.5(i, set* ./ »S'wt OVusa Trrfi , 1!U!I, 
3, 234A. 

® Le Chatohoi, La Sihce ft leit SilnaUt, (Il<‘im.um ct Kib), l‘H4, p .52, 

* Ettkola, Amr, J .'ici , 1!»22, |.5|, 4, 331. 

® .fordis and Kanlor, Zntseh nmrg (Jhnn . 1903, 35, 82 

* Jordis and Kanter. ibid., 1903, 35, 148 , 1!K)4, 42, 418 ; 190.5, 43, 311. 

’ .Stolba, Chem. Zenir , 1880, 2.59. 

" Mangnac, Ann Mines, 1859, [Tj], 15, 221. 

® Froscniua, Zeii’ich anal ('knn , 1890, 29, 147 
'® Date, Compt. rend., 1883, 96, 701 

“ Biron, J. Phys Chem Soc , 1904, 36, 489, Ixjwy, Ann. Ghxm. Phye., 1S4(), 
[3], 16, 306 , Poggialo, Compt. rend , 1840, 20, 1183 
Prcis and Rayinan, Chem. Znih , 1882, 773 
Ditto, Compt. rend , 1882, 95, 641 
Kasener, Arch. Pharm , 1890, 28, 109. 





STROT'^TIUM AND TITANIUM. 

Strontium Titanate. Hy fusin^r to/rether equivalent quantities of 
strontium carbonate and titanic acid with excess of strontium chloride 
tlic com])omid 2Sr0.3Ti02 is formed as microscopie, light brown, cubic 
crystals of density 5-1.^ 

Strontium fluotitanate, SrTiF(j.2ll20, isomorphous with the lluo- 
silicato, has also been obtained.^ 


STRONTIUM AND ZIRCONIUM. 

Strontium Zirconate, SrZrOg, has been obtained by fusing zirconia 
with strontium oxide ® or strontium chloride.* It is similar to the 
corrcsjionding calcium compound. 


STRONTIUM AND HORON. 

Strontium Boride, SrB^, is prepared by heating in the electric 
furnace a mixture of strontium borate, aluminium, and carbon. The 
impurities can be readily removed by llotation in liromoform on account 
of the density of strontium boride.^ It forms a black crystalline })owder, 
but, when in suflicicntly thin layers, it is transparent with a reddish- 
brown coloration under the microscope. It is harder than quartz, and 
has a density of 3*28 at 15® C. Its chemical properties arc similar to 
those of calcium boride, but it is slightly less reactive — for example, it is 
necessary to heat gently in fluorine m order to start the reaction. 

Strontium Borates.-- By following the freezing-pomt curve of 
mixtures of stroijitiuni oxide with boric anhydride, Guertler ® estab- 
lished the existence of the pyroborate, 2Sr0.B20j, the nudaborate, 
SrO.BjOg,’ the biboratc, Sr().2B203, comparable with borax,® and 
possibly the orthoborate, SSrO.BgOg.® The metaborate (‘rystalliscs in ' 
long, doubly refracting needles, and the pyroborate forms a linely 
crystalline, marblc-hkc mass. Certain products formerly supposed to 
be compounds, for example 2Sr0.3B203 and 3Sr().2B203, arc jirobably 
only eutectic mixtures. 

Compounds of varying composition and containing >vater of crystal- 
lisation are obtained by precipitation or by the action of boric acid on 
strontium hydroxide.^® A strontium metaborate tetrahydratc, SrO-BgOg. 
4II2O, has been obtained electrolytically.^* 

' Bourgeois, Compt. rend., 1886, 103 , 141 ; BuU. Soc. rJiim, 1880, [2], 46 , 202. 

® Mangnao, Ann. Mines, 1859, [5], 15 , 221. 

* Vonablo and Clarko, J. Armr. Chem. Soc., 1896, l 8 , 434. 

* Ouvrard, Conipt, rend., 1891, 1 13 , 80. 

® Moissan and \Villiain.s, 1897, 135 , 629; Moissan, Klertrir Furnace, English 
translation (Williams & Norgate), 1908. 

* Guertler, Zeitsch. anorg. Ghent., 1904, 40 , 337. 

’ See also Gitte, Compt. rend., 1873, 77 , 783. 

® See also Bcncdikt, Ber., 1874, 7 , 703 ; Ditte, toe. cit. 

* See also Ouvrard, Compt. rend., 1901, 132 , 267. - 

Rose, Annakn, 1862, 84 , 220 ; Laurent, Jahresbvr., 1860, 267‘|i' Ijftte, Ann. Chim. - 
Pkys., 1883, [5], 30 , 248. 

T^vi and Castellaniii, Atti R, Accad, Lincei, 1008, [5], 17 , ii, 613. 
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STROiNTIUM AM) AIJLMIXIUM. 

I 

Strontium Aluminatcs. Hy Iho action of cold slrontinin 
hydroxide solution on inetallie aiiinnnnnn, or ol* excess of caustic jiotasli 
on a liot solution of strontinni chloride and polassinni alnminatc. a coni- 
jjaratix cly stable, crystalline tristronlinin ahiiniiiiite, Sr ,( ,0, 

is olitained ' There is probabh also a i^elatiiions eoniponiid of apjiroxi- 
niate eonijiositioii, Sr(AI()2)2-5H./) ’ • 

STRONTIUM AND IRON. 

Strontium Ferrate, SrFeO^, nnxi'd vitli lernc oxide, is obtained 
as a red jiowdcr by [irecipitation of strontinni bromide Mitli jiofassinm 
ferrate. It is sli;flitly .soluble in water ^Mtli deeiiinposition, but insoluble 
111 alcohol and (‘ther.“ It is dccomposi-d b\ acids, with evolution of 
oxy^a’ii and formation of the correspond mu ferric and .strontinni salts. 
The solid cvoIncs o.vygcn when gently luaited. 

DKTKC'ITON AND KSTIMATION OF STHONIJUM. 

Dry Tests. Vol.atile stiontinm salt.s ^n\t‘ to tlie non-lnimnons (lame 
a earmine-red coloration. Tile most sensitiie lines of tlu* llaiiu' sped rum 
ha\e th(' waNe-lenirths 001.1 A ami tOO.S A •’ Vecordmn to de (liamont ^ 
till' most si'iisitne ravs iihotoifraphicalK are . 1007 0. t00.» l*Jla 5, and 
t077 HA. 

\V lien heated with sodium carbonate on charcoal, strontinm siflts e 
the wlntc' infusible oxide wdiich is bri;^dill\ Ininimscent whilst hot. 

Wet Tests. The spectroscoinc imdhod has been applied to solutions. 
An arc sliowim* the following' lines may lie obtanu'd belwf'i'ii an iridiiiin 
cathode and the surface of a strontium .solution ol eoneinl ration as 
low' as 0 00;3 mjrm. per c.e : (■‘ilO A. and. more faintly. att.’iO, fOOH, 
and K)78 A ^ • 

'I'he eondilioiis of precipitation of the alkalim- earths as ear))oi)ates 
ha\e alread\ been discussed mider ealemm. From the aeeiie aeid solu- 
tion of the earhonates barnini is removeil as theehiomale In the addition 
ol polassinm chromate or diehromate. .Strontium ma\ tlicn b(‘ deli'eled 
111 the filtrate hv various mdhods. The addition of ammonia** or 
aleohol,’ or prelerably both.” causes the precipitation ol strontinm 
chromate; or strontium snljdnte ma\ he precijiitated by sodium .snl])hite 
ill the presence of a little acetic arid ® or alcohol ; or, linallN . strontium 
sulphate may lie precipitated m ammoiuacal .solution hy amniommn 
sulpliate, w'hicli dissolves calcnmi sulphate.^’ or hy the aildilion ol a 

' Alton and Itogoib, .-Inwi (,'hem J , 11)0(1, 24, lilt) 

* Kidmann and Mooscr, Bet , 1903, 36, 2J90 

® lliosonfeld and Wohlors, thid , 190H, 39, 2G2S 

* do Gramont, CompI rerid , 1920, 171, 1100 

’’ Uu'senfeld and Pfutzer, Her , 1913, 46, 3M0 

® lleichard, Vhem. Ze.it, 1903, 27, 877, 89.'), 913, 1035. 

' KolthofT, Vhntm. )YeckhM, 1920, 57, 1080, van den Bus, 67ie»t. Weetcbhid, l‘>13, 10, 
666. 

® Caron and Ra(iuet, Bull Soc chuti, 1900, [3|, 35, 1001. 

* Hinds, J. Aiuer, Chem. Soc., 1911, 33, 510 

’0 Polonovski, Bull Sor. clnm , 1922, f I], 31, 800. 

Freaenius, Zeitsch anal. Chem , 189,3, 32, 194 ; Uobin, Compt. rend., 1903, 137, 258 , 
see also Patcrsf)n, J Amer. Chem .Sor , 191.>, 37, 2346 
VOL. III.,: I. 



saturated sohition of calcium sulphate, which is more soluble tHhii; 
stTorituini sulphate.^ , 

If the mixed carbonates be dissolved in nitric acid and the calcium 
nitrate removed by alcohol, or by alcohol and ether, ^ the remaining 
salts may be transformed into chlorides by heating with solid ammoniimi 
chloride, * and the strontium chloride, the presence of which will be indi- 
cated by the hygroseopicily of the residue, may then he dissolved out 
by alcohdl and tested ; ^ or, alternatively, barium may be precipitated 
as chromate and strontium as suljdiate.** 

Strontium may be detected mierochcmiVally by a characteristic 
iodatc or chromate preei])itate,“ or by the anhydrous chloride separated 
by absolute alcohol.’ 

A colour test may be used for the detection of strontium in ])rcscncc 
of barium. If a little solid tannin and a few drops of an alkali 
hydroxide be added to the solution a bright green colour indicates 
strontium. It is a sudiciently delicate test to be obtained m a saturated 
solution of strontium sulphate.** 

A detailed study of. the different methods by which strontium may 
be olitaiiied free from calcium and barium has been made by Sorensen.® 

Quantitative Estimation of Strontium. Strontium may be esti- 
mated quantitatively: as the sulphate, using a slight excess of dilute 
sulidiiinc acid or an alkali sulphate, and adding alcohol to diniimsh 
the solubility ; as the chromate, the .solubility again being reduced by 
alcohol ; as the oxalate, when it may be weighed as the monohydratc, 
the anhydrous .salt, or the oxide ; or, linally, as thi‘ carlionate, this 
nu'thod being mon* satisfactory tlinii in the ease of ealcinm. owing to 
the greater stability of .strontium carbonate.*® 

When only small amounts of strontium are ])rcscnt, for examjile in 
silicate analysis, calcium and strontium arc usually jirecijiitated together 
a.s oxalates. W’hen a considerable jirojiortion of calcium is jircseiit the 
jirccipitatioii of strontium is practically perfect, irrespective' of the 
amount of ammonium chloride present, so long as a suHicitMil excess of 
ammonium oxalate is employed. If barium be present, sejiaration frojn 
it can be effected without much dilliculty. The calcium and strontium 
may be afterwards transformed into nitrates, tiie calcium extracted by 
a mixture of alcohol and ether, as m the Fresemus method, and the 
strontium ultimately weighed as sulphate." 

In the jirescnce of magnesium, calcium and strontium may be pre- 
cqntated together as oxalates with the precautions already intlicatecl 
under calcium. 

Volumetric Methods may be used for the estimation of strontium 

' GAlniour, Chem. News, 1915, III, 217 ; Baikow, Zeitwh anal, Chem,, 1918, 57, 184 

® Frc8eniu8, Zeiiftch anal. Chem., 1893, 32, 189. 

» Selvatici, Chem, Zentr,, 1910, 1, 1109. 

< Keichard, Pharm. Zentr., 1915, 56, 329. 

® Bimbrauer, Chem. Zeit., 1911, 35, 755. 

« Deaigfea, Compt. rend., 1920, 170, 996 ; Holland, ibid., 1920, 171, 955 ; see als 
ychoorl, Zeiiach. anal Chem., 1009, 48, 401. 

^ Auteniieth, Ber., 1904, 37, 3882. 

* Sohowket, Biochem. Zextsdi., 1913, 54, 285. 

» Sbrenseb, Zeitach. anorff. Chem,, 1896, ii, 306 ; see also Riohards and Yngvo, .i 
Arher. Chem. 80c., 1918, 40, 91. 

‘0 Winkler, Zettsch. angew. Chem., 1918, 31, 1, 80, 83 ; van den Bos, Chem. WeekbUu 
1911, 8, 6, see J. Chem. 80c., 1911, 100, Abs. li, 228 ; Robin, loc. cil 
. u Hillebrand, J, Amer. Chem, Soc., 1894, 16, 83. 



The oxalate may be precipitated in presence of alcohol or excess of , 
ammonium oxalate, and titrated with permun<»anate, usin^; sulpliiiric ' 
acid, or hydrochloric acid aloiif; with a manganese salt.’ The strontium ' 
may also be j)reci]>itated as chromate by aimuomum dichroinale m 
ammoniaeal solution in the presence of alcohol, and Ihe excess of 
dichromate d(‘ternuned by titration, but the method is apparently only 
satisfactory when the strontium is free from barium and ealemm.® 
Titration by electrical coiiductuity measurements may l^e emidoyed, 
the strontium being precipitated as chromate, sulphati', or oxalate.® 
Electrolytic Methods have also been suggested.* 


’ PettTH, /I »M'r ,/ jSVj , IIHM, 14|. 12 , 2Ul , ./ Jiul Ktuj ('hmi, l)M7 9 , r>S4 

Averitt givt'H an inditeol midhod lor tlu* o^tiiuation of a mistuic ol caU iniii .-nitl 
by titration with i>cnnanmiiiat(‘ 

® KollholT, I'horm Werkbkd, 1920, 57, 072, van ilon loi <it 
'* Diitoit ami Mojoiii. J. ('hnn. phyt , 1910. 8, 27 
■* Si>(‘ Cali'iniii 




CHAPTER IV. 

BARIUM AND ITS COMPOUNDS., 

BARIUM. 

SyinboJ, liu. Atomic 137 37 (0=10). 

Occurrence. - Banimi Ibnns 0 O.S j)CT cent, of the earths eriisi,* and is 
therefore a less rare element than strontium. Like the latter it is widely 
distributed m small (quantities in both ij;>neoiis ^ and sedimentary ® roeks, 
and also in soi[s.'* 

'Fhe chief mineral is Imri/U’s, or hemi/ ,sp(n, BaSO,, which oeeiirs in 
veins often assoeiati'd with haul. The old lead mines of the north of 
Eiifiland and of Shropshire are now reworked for l)ar\tes. It is also 
found 111 SOUK' mineral w’aters.® 

Next in importance is tlu carbonate, -ii'iihinite, oltcn found nlon^r 
with bar}t('s. 'i'luTe are also b((}ptocclc,stnu\ the doubh' su)phal(' oi‘ 
strontium and ((kionUe and /w////f>cfl/e/h’, both double carbonates 

of calcium and barium, and isoinorphous with wilherite, 2h<iilovuiunes a 
harm 111 maii}>anile of composition approximately (Kj.ITg.Mn.BalO.MnOj, 
and tl)e silicates, harmnUme, ll2(K2,Ba).\l2Si50i5. til./), 6 /mw/en‘h', 
llj(Ba,Sr,t'a)Al 2 Sie 0 i„. 3 ll 20 . and baryiajchpar, K2RiiAl4Sij804„.'* 

Barium has been (l(*teeti‘d in various jilants, Ibrexainqile tobacco,’ and 
is jiresent to some extent^ in the shells and skeletons of sea animals. It 
IS also jirescnt in the sun." 

History. In 1002 a Bolognese shoemaker, Caiieiorohis, ol)ser\ed 
that heavy sqiar lieeomes phosphorescent w'lu'ii limited with a combustible 
sulistance. and from that time Boloj,mian phosjihorus becanu* famous. 
Cronsledt called the mineral sulphate “ marmor nictalhcum,’' and, in 
* 1750, Marijf^ruf found sulphuric acid in it but mistook the barium for 
caleiuin. In 1 774- Scheele," wdiilst cxaminin^T manganese ores containing 
3‘ barium, disco^'ered the presence of an earth different from chalk, and 
described its chief jiroperties. 

^ ‘ ( Iftiko, The Diitn oj (ieodifUU'^hy, Bull d S Orol Bnrm/, 1910. Nn. 610, p. IH 

3 Du'ulatftit, J««. (Jhiin Thtp , 187.S, (■.')!, 15 , 540, liillohjaiid, -/ Anm Chtm. Soc , 
1894, 16 , 81. 

■* ('ollot, Comyt lend . 1905. 141 , 832. 

* Failyoi, l\S. Dep Ague But 1910, Bull. 72, weo ./ Sor. ('hem Ind , 1910, 

29 , 1218. _ , 

' Tlajrpe, ThiL Mug , 1870, |5|, 2 , IK); Trann. (Jhem Sw , 1881, 39 , 497 , Riohnrdi.. 
. 4 /iaIy.sl, 1901, 26 , 68 , White, ihid , 1899, 24 , 67. 

* Wee Calcium and Strontium. 

’ Failyor, loc. ai ; McHanruc, J Amer. Chein Boc., 1913, 35 , 826, Spullmo, Gazzeitn, 
1913, 43 , n, 47.5 ; Artis and Maxwell, ('hem. Newn, 1916, 114 , 62. 

« Rayet, Ann. Chim. Phys , 1871. [4], 24 , Lockycr, Proc Roy. Bor , 1869. 18 , 76. 

» Soheele, Chemical Translation by Beddoes (Murray). 1786, Mssay V, par 32, 

p. 100. 
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BARIUAf AND ITS COMPOUNDS. 197 

In 1779 Guytaii de Morvoau proposed for the new I'urdi the tmnic 
“ barote/’ on account of its ^rpcat weifflit.^ and this ^\a.s altc'ri'd by 
Lavoisier to “ baryta." 

itli(‘riM^r, in 17<S*i ]7S.‘b diseoxered Du* carbonate, aflenvards named 
withcrite after him, in tlie Leadhills in Scotland. 

The metal, anialffamaled uith merenrx, Mas first isolated li\ l)a\v 
in IS() 8 ,‘ and about the same lime b\ Her/elius and Poiitm. 

Preparation of Barium. As m the case of calcium ami stnmlium, 
nio.st of the earlier attempts to produce metallic baiium onh n sulli fl 
in the Ibrmalion of an amal^^am uiDi mereurx, Mhetliei b\ electroKtie 
reduction of the oxide or cliloruh*. usni» a mercijr\ cathode,® or b\ 
reduction of tlic chloride by .sodium amaljfam,*'* or by lednction of the 
oxide with jiotassnim, or of the chloride or iodide uith sodium at red 
heat and subse(]uenl extraction Mith mercur\ ‘ Attemjits to isolati* 
it by the n'diiction of a mixture of oxide and chloride,-''’ or of the 
peroxide,*’ by aluminium, resulted onh m the formation of allo\s 'I'lie 
reduction of barium oxide b\ maeiu snim .i»a\c a product of doubtful 
composition.’ Unsuccessful ellorts ha\e b(*(‘n made to sepaiati* barium 
directly by the ('leetrol\sis of fused barium <‘hlondi , wiili or without 
the addition of sodium chlorule Appaniith only the subehloride is 
formed.*’ 

Guilt/, made the (ir.st successful alti-mpl to separate barium Irom 
meicury. slow distillation at ^jraduaH\ nicreasmj> tempi rnluies, he 
obtaiiK'd a succession of amalf^ams richer and iicher in barium. I■'lnall\ , 
at a temperature of 9.50' (’., a residm eoiitaiiiiiif^ J>(S B per ei-nt. itl barium 
was left.*' Later the method of separation of barium born meieurv 
throu^fh the formation and subseijuenl decomposition of tlx- hydiidi*, 
as caiTK'd out in the case of strontium, was successfulK ajiplied."' 
Ifydroei n was alisorbed at 900' (' . the meicur\ n-nioxcd at 12<tll)' I'., 
jUvSt below the fusion [loiiit of the hydride, and, linally, the hulride 
decomposed in vanw by furtlier heating. 

It was also found jiossible to appl\ the method, iililised later for 
strontium, of reduction of barium oxide at 1*200' (’ . by aluminium 
powiler. 

A [iroducl of 9S 8 jier cent, purity was obtained. After redisl illation 
in vacuo the metjd w'as (juitc pure 

Matif^nion obtained nietalhe barium b\ heatiii" the oxide with 
silicon, or with ferrosiheon contamintf 9.5 per cent, ol silicon, in vaviw 
at l*20(r f. 

.‘iHaO-i Si=-BaSiO., \ ‘iBa— 37 Cal. 

' Ihwy, l‘ful ?’7a/o , IS()8, 98, lUS , Ale wfm ('hih Rv punts, <> , 

’ Davy, loc ri/. ; llaie, J puiki Chun, IMIO, [ 1 ). 19 , 249, OiinsjMi, Antui/ui, 18x4, 
92 , 2fil ; Frpy, thid., 1877, 183 , 3(57 , MaiiiiciiiK*, Rull S<n rhim , 1892, f’tj, 7 , 3()7 

Crookes, Chem. Nevs, 18(52. 6 , 194 j Doiiath, fkr , 1879, 12 , 74.5 

‘ ivom, Chem. News, 187.5, 31 , 244. 

' iJeketolf, A 7 iH«/pTi, 18.59, iio, 37,5. 

^ Stansfiold, Mem Lit Soc ManrheMa, 1992, 46 , I, Am. Chim Rhys, I9(>2, (7j, 

25, 

’ WinkU'i, Her , 1890, 23 , 120 

* Limb, Co)n2}t rend, 1.S91, II 2 , 1434, Lorow and Clarke, ZetiKh Ekkhmhun , 
1993, 9 , 271. 

® (.Juntz, Compt. rend , 1901, 133 , 872 ; liuR Sou rhm , 1903, [31, 29 , 483 

Guntz, Compt. rend , 190.5, 141 , 1240 ; Ann. Chun. Phye., 1905, f 8 J, 4 , 5. 

" Gantz, Compt rend., 1900, 143 , 339; Ann Chun Phys , 1907, [ 8 ], 10 , 437 , see also 
Mallet, Annalen, 1877, 190 , 62. 



In spite of the large difference in the heats of formation of the oxides 
barium and silieon, the t anuin, owing to its volatility, was separated, 
and a metal of 98-5 per cent, purity condensed.^ 

An attempt has also been made to separate metallic barium by 
electrolysing a pyridine solution of barium iodide, but the barium com- 
•bined with pyridine, forming a reddish-brown spongy mass. By using 
a mercury cathode a :3() per cent, amalgam was obtained. ^ 

Physical Properties. Barium is a silver- white metal, not so soft 
as lead,® and of density 3 78.^ It mclhs at about 850" C., is volatile at 
9.50° C., and boils at 1150° C. in vacuo} Its specific' heat between 
— 185° and ]-‘20° C. is 0-008.® The maximum photoelectric effect is 
]irodiiced in the red and orange part of the spectrum.’ 'J’he ionic 
mobility of ^Ba is 55.® 

The following are the most intense lines in the spectrum measured 
in Angstrom units ® : 

Arc: n tra- violet 1 2304 3,2335 4,3071-7; Visible: 3891-9.3910 0, 
39.35 9, .3993 0, U.30-8, 1283 3, b350 C, U02-8, 155 1 2, 4579-8, 1720 0, 
4900 1, 193 1 2, 5121. K, 55194, 5535 7, .5777 9, .5800 3, 5820.5, .5853 9, 
5971 9, 0019 7,'00G3-3, 01 11 0, 61 11 9, 0197 1, 0595-C : Infra-red : 7000 2, 
7229 2, 7280 0. 

Spark : Ultra-violet : 2304 2, 2335 3, 2031 0. 2771 -5, 3368 3, 3501 -3 ; 
Visible: 3892 0,3993 0,41.30 0, H00 2. 1.28.3-3, 1102 7. 1132 1, 1523 3, 
4,525 -2, 45512, 1900 1, 19.34 2, 5.535 8, 58.53 9, 01 11 9, 0497 1, 0505 0, 
66118. 

Chemical Properties.- - Barium may be kept unclianged in dry 
carbon dioxide, but readily tarnishes in tlie air owing to the formation 
of the oxide and nitride. If in the form of powder it may (‘vi-n take 
lire. It decomposes both water and alcohol, liberating hydrogen, but 
is undttacked by dry benzene, toluene, and petrol. It combines with 
ammonia and also with hydrogen. Its behaviour to most reagents is 
similar to that of calcium and strontium.-'’ 

The conditions have been studied under which barium, amalgamated 
with mercury, may be replaced by potassium or sodium from sail solu- 
tions in contact with it.^® 

Physiological Action. - Barium salts, especially the iodide and 
chlorate, are very toxic to both animals and plants.” 

Atomic Weight. Approdimute, Atomic H'ciglif. Karly determi- 
nations gave to barium an e<piivalent of approximately 68 5, and its 
properties indicate a close connection with the di\alcnt alkaline earth 
group, so that its atomic weight nnust be in the neighbourhood 
of 137. 

' Mfttignoii, Compt lend , 1913, 156 , 1,378. 

* von Heveay, Znisch. EUklrochcyn,, 1910, l 6 , 672 

® Guntz, Compt, rend , 1901, 133 , 872 

* Guntz, ibid., 1905, 141 , 1240 

' Guntz, BuU. Soc, chim., 1903, [3], 29 , 483 ; Ann. Chim. Fhys., 1905, 18). 4 , 5. 

* Nordmeyor and Bemouilli, Her., 1907, 5 , 175. 

T Case, Phy». Review, 1921, [2J. 17 , 398. 

* Kohlrausch, Zeitsch, EUktrockem., 1907, 13 , 343 (footnote). 

“ Marphall Watts, Index 0 / Spectra (Wesley & Son, London ; Abel Heywood & Son, 
Manchester), Appendices “U” (1911), “V” (1913), “W” (1914)'. See also Tables 
AnnutlUa de conslantes et de Donnies Numinques (Gauthier- Villars et Cie), 1913-1916, 
vol. iv, pp. 384. 388, 389. 

Smith, J. Physical Chem., 1906, 9 , 13 ; but see Femekes, ibid., 1904, 8 , 566. 

Coupin, Compt, rend , 1900, 130 , 791. 





!/ tlxad Atomic Weight} The earliest determinations were made by 
Berzelius from the analysis of barium carboiuilc. lie also found the 
. ratio of barium chloride to silver ehloriile jireripitated from it, and of 
barium chloride to barium sulphate, but his \’aliies varied throii^di a 
wide ran^je and have only a historical si^milieancc. Th(‘ results of the 
earlier determinations arc summarised in the followin}^ table ; . 


Year. 

Invcstigatoi 

Niimlxu nf 
livjx'iiinonts 

H.lllO MciiMinMl 

* 

1 

Aloinic 
Weight > 

1820 

Rcivcliiis * 


IU('h 2Ag('I 

100 

138 07 

131 




Uaf’b t3aSO^ 

KM) 

112 17.) 

131 8 

1829 

Tuincr'’ . 

1 

Bad. HaSO^ 
Bat'b 2Agd 

- 100 

112 19 

134 1) 

„ 

.. 

I 

100 

i;37 03 

1.17 1 

181.) 

I’chmzc * 

i 3 

' I3a(’l. 2Agd 

-100 

137 73 

137 2 

1818 

Miingimr '* 

i 11 

Hai‘b 2Ag 

-100 

103 772 

137 0 

1851 

Stiuw'’ 

! 

BiiCI^ BaSO^ 

KM) 

112 001 

137 1 

]8.")8 

Marignac * 

1 0 

HHd,.2Ib() 2Ag 

KM) 

88 400 

137 0 


i 

; BaCl] 2Ag 

100 

103 70 

137 0 


Tliirna'. ” 1 

3 

! Bad, BaSO^ 

KM) 

112 007 

138 5 

1859 


1 10 

! Bad] 2Ag 

100 

103 

130 80 


In 18013 Uiehards published an exlensn e scries of carefull\ conducted 
deterniinatioiis of the ratio of anh> droiis barium bromide to the amount 
.of silver required to precipitate the bromine in it, and of barium bromide 
to the amount of silver bromide precipitated by it.® The nu‘an value 
of the former was found lo be 1.'37 7 f7 : 100, and of the latter l?37 7H) : 
17 1 080, ^u\m^f atomic wei^rhts 187 88 and 187 87 r*\specti\ ely.’ 

Later he used barium chloride instead of the bromide, and oblamcd 
as tli<‘ mean of ten ilelerinmations of the ratio 2Ajr(1 : Hat’^, 1 00 • 7*-M>r> t, 
and as the moan ol fourteen determinations ol the ratio : BaC'ljj, 
100 ; DO i522.*® The alomie weii,dils calculated from these values are 
187 80 and 187 81- respectively. 

The International C'onimis.sion on Atomic Wefghts for IDOD adopted 
the vaiiie 

Ba --^137 37, which is still retained (1925). 

Uses.- -\o use has been found for the metal alone, lait it is 
thou^,dit that it ma> prove of some value as a eonijxment of beamier 

’ All atoniK’ 111 tliH ‘'(•itiKii ha\o Ix-cii ii'calcnhitccl from tho (iv|M-miii'ii(a] 

(laU givmi in the oimmal rnoniourt, UMiig the tollowiag atomic Height vfUiies .- 
() KHHHl 

. n - 3r)4,')7 

* Wv^ 7a 910 

Ag-107 880 
.•32 06.> 

* Beraoliiis, Pogg, Anmikn, 1820, 8 , 189; see also Wollaston, Phil I'xins , 1814, 104 , 

, 20. 

» Turner, Phil. Trang., 1829, 119 , 290 ; 1833, 123 , .037. 

* Pdouzo, Gompt. rend., 1845, 20 , 1047 
® Marignar, Annalcn, 1848, 68 , 214 

* Struve, 1851, 80 , 204, 

, ’ Marignac, ibtd., 1868, 106 , 107. 

* Dumas, Ann. Chm. Phys., 1859, [3], 55 , 137. 

L, • flichards, Proc. Amer. Acad., 1893, 28 , I ; 29 , 66 ; Zetlsch. anorg. Chem., 1893, 3 , 
:'-^41. 

, 1 ® Kichards, ZeiUch. anorg. Chem , 1894, 6 , 89. 
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200 ’ THE ALKALINE EARTH METALS. 

nietaJb. its ust* in tiu; jirodiiction of photoelectric cells lias also been 
sn^^^esteci.’ 

Alloys. — Soin(‘ of the attempts to jirejiarc mctallie barium resulted 
m tlu' formation of alloys of barium with zinc, tin, bismuth, alnnnnmm, 
majrnesium, nickel, and ])Ossibly iron, but these have not been studaul.'^ 
A banum-eadmium alloy has also been jirepared.® Amalgams ol mer- 
cury and barium ha\e been studied by Kcr]) and Hottgrr, who came to 
the conel'.ision that between 0“ C. and J30° C. the stable solid phase is 
and between 80" C. and 100^^ C., Ballgjg. It is possililc that 
the eomjiound Ballgj^ may exist below 0° 

Hearing metals consisting of lead mixed with a small jiereentage of 
alkaline earth nudals have already been described under eakium allo\s. 
Mierogruphic study of Frary metal, prepared by oleetrolysing a fused 
bath of barium and calcium chlorides with a molten lead cathode and 
grajihite anode, shows the presence of crj'stals of the eomjiounds 
and PbjBa.® An alIo\ of lead and barium alone also contains Pb^Ba 
and an eutcetie mixture of this compound with pure lead, melting at 
tiSU" and containing 4 .5 ])er cent, of barium.® 

As in tlr* case of calcium and strontium, some ol th(‘ alloys, lor 
example those witli lead and tin, may prove useful in metallurg\ as 
deoxidisers.’’ 


COMPOUNDS OF BMUUM. 

In common with the other alkaline earths, barium behaves generally 
as a divalent element. In its salts it forms a colourless dnalent ion 
Abel oliserved a catalytic effect produced by the barium ion in eeitain 
oxidation processes, sueh as the oxidation of sodium thiosnljiiiati* by 
hydrogen jieroxide, and ascribed this to the lormation of a ipiadru alen't 
baritim ion. It seemed probabh* that calcium and strontium beliavi' 
similarly.*^ 

Certain acids are frecpiently pre])ared by treating the barium salts 
with sulphuric or jihos'^ihone acid. 


BAUIUM AM) IlVDUOCiKN. 

Barium Hydride, BaH 2 * "'as lirst olitamed by tlie action ol 
magnesium on barium oxide at red heat in an atmosphere of hydrogen 
An impure jiroduet. to which Winkler ascribed the formula Half," was 
Ibrmeil, but Chintz showed that it was ])robably a mixture of cipiivalent 
quantities of the liydruh- Ballg and barium oxide. It may be ])re])ared 

‘ ^Jnhc, Phifu livniw, 1921, |2J, 17, 3ys 

* Bee Vrt'iJtiratuin ; also Caioii, Compi mid., 48, 440; (liiiitz, ibid , JOO:}, 136, 
749 ; Ann Vhim Phys., iyor>, [8J, 4, o , 1907, [81, 10, 4,37 

* ClauluT, Compt. m\d., 1902, 134, 1108 

* Kerp and Bottger, Zntsch. anory Chvtn , 1900, 25, 41; see also Kerp. ibid , 1898, 
17, 284 ; Femekes, J. Physical Chem , 1904, 8, 500 

“* (!owan, Simpkins, an<l Hiers, Trans Amer Elecliocknn Soc , 1921, 40 , 27 , hoo h1'<o 
C zochralski, Z^itsch. MelalUunde, 1920, I2, 371 ; Chem 1921, 15, 602 

“ Czochralaki and Rassow, Zeiisch. MetaUkunde, 1920, 12, 337, Chew Abs., 1921, 15, 
062. 

’ Vickenu, MikiIs and Theit Alloys (Crosby Lockwood & Son), 19*^' p 40 

« Abel, MonaUi !' , 1913, 34, 171. 

» Winkloi, Jkt . 1891, 24, 1977. 

“ Guntz, Cohipt. tend., 1900, 143, 339 
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1)}' the notion of hydrogen on hnnnm nninlgnni nt a hi^di tmiperalnrc.^ 
Ilydrojfen is absorbed by linely |)o\\dered lianimi e\eii .d liiO' and 
at 17(K- 18(r r. the reaetion is Myoroiis.^ »\bsor|)iion b) a eadnimrn- 
barnim alloy be^nns at (' ® 

The pure conijiound is eryst.dline, ))ractieall\ A\hile, and of density 
t 21. At 1 100 " it is slo\\l\ Volatilised in a eiirrenl of hulro^ren. 'I’lie 
heat of formation is .*17 .I Cal. The ti'inporatiire of Insion is in the neigh- 
bourhood of 1000' C. It is readil} attaclvod b\ water aiad moist air, 
fonnin/r barium hydroxide, and b\ mtio^u-n above led heal Molten 
barium liMlride absorbs nitroyen ’ 

llarium hydride is tlie least stable of the thiee alkaline earth h\ dudes, 
and the dillieulties encouiiten'd m stiuhiny the vapour pressures of 
ealcium and strontium hvdndes are iiiereased in this ease In the vola- 
tility of barium hydride.^ 

IIAIIII'M AM) Tills lIAJ.OtdsNS. 

'Barium Subfluoride. When inet.dlie sodium is heated with 
barium fluoride at SOO 1000 C.. a double* eoinpouuii >f podium lluoride 
and barium sublliioride. NaF.BaF, is obtained as a ervstallme mass. 
It deconipo.ses water, but only slowlv, owiny to the formation (>1 insoluble 
liarium Iluoridi' 

Barium Fluoride, BaF.^, mav be obtanud iither In the action of 
a lai’jre excess of hydrolluorie acid on barium carboiiati or oxide and 
calcination of llu' acid lluoride/ or In precipitation of a soluble* barium 
salt with an alkali lluoride*. If the latte*r nu'lhoel is empleneel in elilute 
boiliiiy solution, a (T^stalliiu' precijutatc is leameei “ Fine* eieta- 
hcdral ervstals may be oblaincel bv fusm;^ barium clileiriele* with acid 
])ota.s.suim lliieiiide*, and wnshiny with v\ate*r.*' Ci\\stals mav •ilso be 
produced In he*atiny the lluoride* v'lth dilute h\ drochlorie* eir mine* acid 
111 a closed tube* at 2.‘J0’ 210' C.. or In slow e\ apenaliem of the aejue'ous 
solid lem.^^' Barium lluotide is alsei lorme*el In flie* action of hydrolluorie 
acid on barium oxide or chlonde.*' 

The heal of formation of baiium Ihmridc is 220 08 Cal." The 
density eif the precipitated and calcined lluoride is I- 828.’“ The inc*ltiny- 
pointisl280 C.'3 

Barium lluoride is not ve i> soluble* m water, allhouyh ineire so tliun 
the ealciuin salt At 18 C a saturated solution ceudaiiis 188 milli- 
enuivaleiits per litre " The* heat of solution is 1 !) Cal." It is somc- 

‘ Guntz, Cotnpl tend , IHOI, 132, Dl);) 

- Dafcrt and MikI.eu/, Motiuldi , IllllJ, 34, ll>8.» 

“ Gautier, (loiiiitf tend , 1902, 134, IlUK • 

* Guntz, loc III , ilnd , lOlKl, 136, Iil71 ; Ann ('him. , 190.s iH|, 4, 17 , Giiiitici, 
bi. (it 

® f]phraim find Mu'li(*l, Hih Chim Ailn, 1921, 4, 909 

® Guntz, Goiw/;/ re^/ef , 1903, 136, 701 , Ann ('him , lOO.'i |S|, 4, 21 

’ Berzejliiis. Pu<j<i \nnnUii, IH21, I, IS 

* Mejihhan, HuU Soe chim , 1891, 13), 5, l')2 

* Poulene*, /l«/i (.'him Phifn , 1894, |7|, 2, 27 

Se’hecier and llreejhhd, J prakt. Chvtu., 187i7, f2|, 7, 07 

" do Forcranel, CompI rend , 1911, 152, 27. 

Schroder, Jahrnher., 1879, 31 

Winter, JJifiserialwn, l.rf‘ipzig, 1913. 1 , J (.'him Sor , 1911, 106, 11, 121) Ruft 

and Plato found 1280 ' (’ j..'i , Bet , 1903, 36, 23.')7 

Kohlrausch, Zeitsck phymkal. Chem , ItlOS, 64, 129 



more soluble in acids and in a finely divided form is decomposed 
tby hydrochloric and nitric acitls under pressure at 230° C. 

1 Acid Barium Fluorid£ is formed by the action of excess of hydro- 
i. fluoric acid on the oxide or carbonate.^ and on bcinjr calcined it ^»ives 
the neutral fluoride. It is also formed by the action of hydrofluoric 
'acid on barium fluoride.^ 

Barium Subchloride, BaCl, is obtained by lieatin^r to<rcther 
barium and barium chloride at 850° C. It forms*^ brown microscopic 
crystals which decompose water with the evolution of hydrogen. ^ It is 
also formed m the electrolysis of barium chloride, using a carbon anode.^ 
By heating barium chloride with excess of sodium at 1000° C., a 
double salt, Xad.BaCl, is formed. By .shaking this with rncreury, 
dccomjiosition must take place because barium amalgam is obtained.^ 
^f the doulilc salt be heated in vacuo at 700° (’., sodium A olatilises and 
barium chloride is left.^ By heating the siibchlonde strongly, barium 
volatilises and the chloride remains.*® By heating to redness in hydrogen 
or nitrogen, the hydride and nitride respectively are formed. ^ 

Haber and Tolloc/.ko represent the reactions betw'een barium and 
chlorine by thgjbllowing thennocheniical equations ; — 

Ba-bCl =Baa -| 115 8 (al. 

BaCl+Cl ---BaCla-l 

Ba I Baa2-2Ban-| 31 « Cal. 


According to .Marino,® the behaviour of these compounds may be 
exjilaincd by sujiposing thuii to be solid .solutions of metallie barium or 
sodium, or suspensions of jnilverised metal, in the ordinary barium 
chloride. 

Barium Chloride, BaCl 2 , was first described by Sehecle. It ma> 
be foruied from the metal by direct combination with {‘hlorine , from 
barium oxide by the action ol‘ chlorine ’ at red heat, or of hydrociilorie 
acid from barium sul|)}iate by heating to redness in liydroehlorie acid 
gas,® or by fusing wutli excess of ammonium chloride ; and from barium 
hydroxide, carbonate, or sul])hide liy the action of aqueous hydrochloric 
acid, evaporation to dryness, and fusion in an atmosjihcre of hydro- 
chloric acid gas to remove the last traces of moisture.'* 

On a commercial scale it may be prepared from the sulphate, barytes, 
by fusion w’lth calcium chloride alone, or with carbon or iron,'** or a 
mixture of manganese chloride and carbon;'^ by the action of h>dro- 
chloric acid on a mixture of barium sul])hatc and carlion at red heat ; or. 


1904, 


iJ74. 


Frcmy, (Jhiiti. Phjs., 1856, 13| 47 , 12. 

(iunU, Covtpi, rend , 1903, 136 , 749 , Ami Chun. Phyi , 190.5, [ 8 j, 4 , 21. 

Limbf land., 1891, 112 , 1434; Habci ami Tulloczko, anoig Che 

, 41 , 423 ; Haber, Ann. Physik, 1908, 26 , 927. 

Kern, Chem. AVity, 1875, 31 , 243. 

Haber and Tolloc^ko, he, ett, 

Marino, Ath R. Acciid. Lxnrei, 1915, [5], 24 , u, 143 
Weber, Pogg. Annalen, 1801, II 2 , 619. 

Veley, Ber., 1896, 29 , 580, 
lioussingault, Compt. rend., 1874, 78 , 593. 

Rose, Pogg. Annalen, 1848, 74 , 564. 

Richardu, ZeiUtch. anorg, Chem., 1894, 6 , 89 

Godin, Dingl poly J , 1864, 171 , 316; Mactear, ibid., 1887,^1^'^'k p. 
d’Hourense, Pogg. Annalen, 1848,75, 276. / ogg 

Kuhlmann, .Ian Chi/ii. Phyi , 18.58, [3], 54 , 386; Coip 


„fit. rend., 1858, 47 1 


403, 464, 


=' finally, by reduction to siilpliidr and fusion with nia^iirsiiiin chloride 
under })ressure.^ If withcnte form the .startin^r-poinl, it niiiN be fiist'd 
with animoniuni chloride or calcium chloride. * 

llariiiin ehlondc may he juirilied by reptated j)reei]utaliou witli 
alcohol.^ 

The heat of formation of barium chloride is 107 OS (’nl.“ 'I'he 
density of the salt dried at 220^ t\ is 3-Sj(i at 2t' ('.* Tlie mi'ltmjf- 
poiiit IS OjS O' C.,® ami there is a transition point to anotlutr rmni at 
924 5” (’.« The spccifie heat is 0 0902.’ 

The specific electrical conductivity at the m< llinj;-poiiil is l Ol 
reciprocal ohm.s, and increases to 2-31 at 1100' ('.” 

The highest value found for the decomposition polential of barium 
chloride is 3-3 volts, but this is probably too low ouin^^ lo lhi‘ (lif!ieii]l> 
of avoiding polarisation.'* At 0.50' the \ahie for barium elilonde, 
mixed with lithium chloride lo reduce the teriijicratiire of fusion, is 3 05 
volts, 1** and at 7,50° C , 145 volts. 

By hcatin^,^ with bromine at 200° 300 part of the eliloiiiu' is 
removf'd.^i At the temperature of fusion it is jiartly deeonipostd Ijy 
oxy|,,U‘n or by sulphur with loss of chlorine.*^ It is dceoMipj^sed b^ wali'r 
vajiour with the formation of h}droehlorie acid, but less readils than 
the other alkaline earth chlorides.’^ 

Barium chloride is readily soluble in water, and the heat ol solution 
is 1 92 Its solubility has been studied by a number of iiivesti* 

^mtors.i^ and the followiiijj values were ^jiven bv Mulder 

ToinpcraUm'. 10 20 30 40 .50 (10 70 SO M)0 100 

(trams OaCl, in lOOgiftms 

water . 33 .‘i 3.5 7 38 2 10 H 43 0 40 4 MM .52 4 .55 0 .58 8 

Values for the solubilily at hif^her temperatures wire obf^iim'd 
by Ktard.i** 

Temperature, . 190 130 U1 ICO ISO 215 

Grams BaC'lj ui 100 

i;rams solution . 30 0 37*3 37’5 33 tt tO'7 1-3 I 

♦ ' ilfinz, (ierman Patent, 18(5738 (1907). 

“ Richards, ZnUch atUfig Chem,, 1893, 3, 441 

® do Forcrand, Vompt mid , 1911, 152, 27 

* Kichai-ds, Zeitfich avotg Chem , 1891, 6, 89 

'' J’lato, ZntsrA phyiikal Chem . 1907,58,3.59, hcc alsd Wmlci, iHsmrUitiou, bcipzi^, 
1913, 1 ; J. Chem Soc\ 1914, 106, Aim u, 120, (lenwky, JahrU. Mm Jialngifid , 1913. 36, 
513, Arndt, ZeiUich Elekirochcm , 1900, 12, 337;^Habei .and Tolloc/ko, ZftUich anoig 
Chem., 1904, 41, 412 , Ruff and Plato, Ber , 1903, 36, 23.57 

* Plato, loc. cit ; Vortibch, Jahib Mm Beilnyebd , 1914, 38, 185, 

’ Kopp, Atinalen Suppl, 1804- .5, 3, 293 ; «eo also Hegnault, Avn Chun. Phy^., 1841, 
5 [3], I, 129. 

* Amdt, he. cil 

"• Amdt and Willner, ZeiUch. Eleklrochtm , 1908, 14, 210. 

Neumann and Horgvo, ibii., 1915, 21, 1.52. 

Berthelot, Ann Chim Phys., 1883, [5], 29, ,34(5; Potditzin, ./ Ru,n>. Phy< Chew. 
Hoc., 1882, 14, 82 ; Ber„ 1882, 15, 918. 

Vogel, Schu'evgger' a J., 1817, az, 72. 

** Kraus, Pogg. Annalen, 1838, 43i 138- 

Gay-Lussac, Ann. Chim Phya., 1819, [2], II, 309; .Mulder, Jahre^iher., 1804, 92; 
'' NordenskjOld, Pogg. Annakn, 1869, 136, 309; G(5rardin, Ann. Chtm. Phya., 186.5, [4J, 5, 
142 ; Engel, ibid., 1888, [6], 13, 371 ; Kremers, Pogg. Annakn, 1866, 99, 444. 

IS Mulder, loe. cU. 
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THE AI.KAL1NE EARTH METALS. 


The solii})ility is coiisidciahly diniinished in ^iresenee of’ hydrocliloric 
acid,i sodiuni elilondc,- or fmrium nitrate,* *• due to tlie action of a 
comiTioii ion. Kneel fonSid that, \\hereas 10 c.c. of pure water dissolve 
2S-y niilli-e(|ni\ alents of harnini chloride, 10 c e. of h\ (lro(‘lilonc aeid 
solution, containiiie ,'>() .^ inilli-efjiiu alents of aeid, only dissolve 0 20 
inilh-e(|Ui\ al( ids of the salt. 

Vahns lor tlu' soliihility in dilhaent water-alcohol inivtures have 
also ])e('n ''determined, hut it is almost insohihle in ahsoiute aleohol.’ 
It is soluhle in methyl alcohol to the extent of 2 IS parts in 100 parts 
of alcohol at 1 .'J 5 ' 

The aipicous solutions of harium ehloride Inuo hecn studied from 
the point of view of density," specific he.'it,*' rofraetis ity,'* vapour 
pressure, ''’l)oiliiie-points,'Mree'/in^r-poinlsd*Mseosity,^*eoni|)rcs.sibility,^^ 
and electrical conductivity.'® 

Determinations of the transport nunihcr of tlie hanuni ion in chloride 
solutions of different eoneetd rations liave been made.'® and seem to 
indicate the presence of tlu* eomjilex ions HaC'l ,' and llaC'l^".'’ 

I’owdi red (jiiart/. alisorbs barniin ehloride from its sohdions.'® 

Ilfjdidtr.s f'/ liaiium i'hlondr. Two hvdrati's ol barium ehloride*, tlie 
mono- and the di-liydrate, lia\e been i.solated On tlie ground of vajuair 
jiressure measurements, tlie existence of a he\ah\ drati*, onl\ stable* in 
contact witli the aipieons solution below about Id (' , has bi'cn 
su^f^ested,'* but the cMdi'iiee seaieel\ sei'ins sullieient to justify this 
sujiposition. 

Barium Chlmide Diftffdtate, liaCL 2l I >0, separates Irom solutmn at 
ordinary tempi-ratiin's m colourless monoelinieerv.stals 2® of densiK li 0t)7 
at 2r C.*' and sp(>eifie heal d 171 The \aj)onr pressuri* at 2.) (’. is 

* he (it . \nii, Clitiii , ISSI, [.■>1,22, ."ild, ''i*r aKo \ itali, iSnll 

Chim Farm , 11)07, 46, .‘il.’} 

* J'ie( lit iiiul Wittjon, Hit , I.S8I, 14, 11107 

' Etanl, Ann ('him /'//?/' , ISDl, [71, j, 2.S7 

* Soliilt, dnwrt/f'/i. 18(11, 158, .’K),") , (JoiJiidin, hr (it 
’ FresoniUM, Antuden, 181(5, 59, 127 

" Lobry lie Hiuvu, Zat.v'h p/n/'^ildt (Jhim . 1892, 10, 788 

’ Hctiilt, Aumloi, 18.)9, iio, 71} , Hoiidi*!, trad Aiimloi, ISS7. 31, 872 , Kohliaiisi li. 
ihid , , J879, 6, HH , <tf> ('oppet, Compt rend . 1897. 125, ."at. '5 

® tilumc'kc, Wird Annohn, 188t, 23, 1(51 , Maiiniiur, Ann (’him Fhi/s , 187(5. I.")!, 
8, 410. 

® (iladstono, Chon For, 1891, 59, ,789. 

Loscceui, t’owiyd. n«(/,1887. 104, 1.711, 1'utuinaim. If ad iutaden, 188.7, 24, .7t9 , 
ZeitKch physiLnl Chon, 1888,2,42, Hill/, ihid , 1902,40, 185 

” (jlorhich, Zeihth anal ('hem., 1887, 26, 420, Kahlonberfr, ./ Phijsual Chon., 1901, 
5, 339. 

Ijoomis, Wild d/iHfdc«, 18%, 57, 0O8 , Ji»nos and (’hainbers. dmrr. ('he.ni J , 1900, 
23, 80; .lunos and (Jetmaii, Zeihch idnj.'dLal Chon, 190.3, 46, 244; lliidorlJ, Poipj 
Annakn. 1872, 145, 599 , ile (!opiK*t, d«n, Chun Phys,, 1872, f4J, 25, .024 , 26, 110 

ArrliuniuH, Zvilfch. phymkal. Chon , 1887, l, 295 , Wagnei, ibid , 1890, 5) 31 
’* Sohmuann, U'lcd Annaloi, 1887, 31, 33 

Kolilrauseh and Uiumnson, tiilzanghber K Ahid IViw Beilin, 1904, 1215 , ,ti>ims 
and Chambeis, lor ctf ; .Jonoa and (Ictinan, Zokch phy-'akal (Jhon , 1903, 46, 267; 
Whetham, Pioc. Roy. Soc , 1903, 71, 335 , Ivahlenberp, he riL 

Horn, ZoUn'h physiJcal Chon., 1898, 27, I ; Ha^gaitnor. ibid., 1898, 25, ll.O. 

” Noyos, ibid., loot, 36, 63 ■ 

’® Thoulot, Compt rend., 1885, loo, 1002 

*• Loscoour, hr, at. 

Kirschnfi, Zotfich. phyoikal Chon, 1911, 76, 177 (fontiiote) 

RichaidH, Z('i/.srA nnoig tVirwi., 1894, 6 , 89 ; .'joo also SehiiT, .tw/irdpH, 18.09, io8, 23 
“ Kopp, Annakn tSuppl, 1804-5, 3, 293. 
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5 8 nini.‘ Tlu* ht'at of solution is - 1 !>;i :nu| tlio IhmI of h\ drutioii 
is 7 00 (’ill - 'rill diliyilratr iiu'lts al 100 t' . .ni\iii^ the anli\ (Irons salt ^ 
lifiiium Chloridf Monnhtf(hatt\ Hado.ILOj The e\isteiie<‘ of tins 
h\(liate was lirst susjiccted h> Thomsen,^ heeausi* he lonnd lhal thi' 
lieat of riMction of anhxdroiis hariuni ehloride with oiu* onn -mol of 
water. .'1 17 ( ah, is less than half the heat ol leaetion wiili two ^nm- 
mol. Vapour prosure ineasnri nK'iits also mdieate its exislenee ’ 

ll ma\ he lornied h\ lu^atin^r the dih\drale at 00’ 05 (» .'* or 1>\ 
sliakinjr till' dihydrale with 00 per eeiil of inelh\l aleohol, lillenn^f at 
onee throu^di a Uuehiier funnel to renioxi' undissoh ed salt, and lea\ mji to 
crvstallis('. After a few nnnuti's t he iuonoh\ drate sejiarales fioin solution 
in colonrli'ss rhomhie plah's and can he dried o\er e.ileiiini ehloiidc in 
vacuo.’’ 'rile \apour piessuri of tlie monoh\drate al 2.5 (’ is 2 .5 mm ** 
Harnini ehloride ma\ he used lor solteninii holler walei espeeially 
lorremoMiur permanent hardiu'ss *' 

AtUhium CompoHUik Hariuni ehloride ahsorhs ammonia under pres- 
sure, lint ifi\es it up afiam when e\pi*sed to the atmosphere'" 'I’he 
eonijiound, lhi( \, t\ 11 is foi med It has a dissoeialion pressnie of 5H 
mm of inereiirN at (t ( .and 18.50 at 28 I ( " \mmonia ^ilso forms a 
eomjiound with the donhie salt of nuTeiiiv ex.mide .md harmm ehlondi', 
2ir^f(^ ^ S(\('ral addition eoni|>ounds with ammonia 

derivati\esha\eheen isolated within ilrow lamine.lhiCh, NU.,t) 1 1.2 1 !.,()''' 
and lhiCh>.MIA)ll/> with ^Kniie. Ha('l„.2Ml.( I !.,(’( H) 11,“'^ ami with 
monohetaine liaCh ( '^lljiOgS Hl._,()^" 

Doulilt' Salts 'file lollowin^ doulile salts ha\e heen desi'iihed (see 
next paye). 

liarmm ehloiidi' lorms mixed ervstals m all proportions with lead 
ehloiide 

Barium Bromide, BaBr.^, ma) he fotmed hy tlu* aelioii of li^flro- 
hromie aeul on harmm earhonate,''' In the ])reeipitat ion ol ferrous hromide 
with harmm liNdroxide or earhoii.iie,^* In the action of a solution of 
hrumine on harmm sul)ihide.'"* In the action of hromiiH' on hariuin 
' Wilson, ./ .!»/(». ('hem Sm , 1(12I, 43, 722, t'aitiii^ton, Tinns <'hm Sot , 1011, 
99, too, hC‘0 also (i\)ot(i amt Scla.li.'s, J Amet dhem So( , ItlJl, 33, 1.5(10, I'Vowoni, 
Zi Il'ich phijMkut (Jhem., 1887, i, 11, tiCHra-nr, Compt rend, 18K7, 104, 1511, Jn/i. 
Ctnm P/iys., 1880, [OJ, 16, 078, 1800. !0|. 2l, .111 , tiull Sor (him . 1887. |2|, 48, 20. 
Schiiml) found .5 <50 min , / tmo (Sum »S'or , 1025, 45, .142 

^ Ttioiiison, Th( nitorhf inistni, English (ian''lanon bv Buiki* ( liOimin.ins, (boon it Co ), 
1908, p (14 , Krov\eai, hr. <il ,tound 5 81.5 ('.d poi giain inoli-culcot water, or 7 011 lor the 
total hc'ui of ludiiition 

•* .fanis'ko. Zcihfh phynlal. ('hern , 101.5. 90, 2b7 

* Thoinhoii, lor rit. 

’■ Li'scujui. fiH (1^ , MuU«'i-Ei/d)tu I1, //’(/, 188(>, 19, 127 

* he^i'ix'ui, hi. rit 

Kiischnor, Z( pkumLul C'/o mi , 101 1, 76, 174 * 

* Footf and Scholi"., he. oil 

* Ifundeshas^i'n, ./ Nor ('hem /mi/.. 1018, 37, ()7i)A 
W'cvl, Ihyrf Anmlen, 1864, 123, 562 

“ .JoanniH, C'oinpt lend , 1801, 112, 559 

Vart't, IMl Sac. rhm , 1891, 13). 6, 229 . f'ovipf nml 1891, 112, 1512 
Antonow, ./. dhem A'fx , 190.5, 37, 476. 

CriHiner, Hull Soc chim , 1890, |5], 3, 11.5 

Pfoiffoi and \on .ModcNKi, ZeUsih phymnl ('hem , 1912, 81, 529. 

I’fciffer ami von Model^ki, thid . 1915, 85, I 
” Sandonnini, .iHi R Aeaul Linai, 1911, (.5|, 20, 11. l)4() 

** lldlard, Ann Chim Phipt , 1820, 1 2] 32,5.58 
Ih-mv, J Phan, I (Jhm . 1829, [21. 15, .52 
Ilandl, Sitzungsba K. Akud. Ifif-n, 18.58, 32, 244 
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Ephraim and Model, Zpils<h. 

Baf'lj.Cul'b . i 

Ra('l, 2 ('u('l, 1 

Obtaintsl in a (UsHolvetl 

anotg Chem , 1910, 67 , 379 

Varel, Comyi rend , 1896, 123 , 

Ra('l,('<in, . j 

state only 

421 

Ba('b, 2 (‘(U'lj 1 

Ha('l 2 211 g('b 2 ll,<; 

UonsdoilT, Pogg {imah n, 1829. 


17 , 131 , Van t. Io( 1 il , l)Ut 

Btt('b3HK('l,6lb() 

Dftcomposes above 

eee Koote and Biisto). \iner 
Chem J . 1904, 32 , !i46 
SehrememakerM, Chnn \\ vek- 

I 17 2’ 0 

(dad, 1910, 7 , 197 , J Chem. 

Ba(1^3Hg('l‘8Hj() . 


Sot , 1910, 98 , Abs 11 , 488 
Foote and Biisto], /oc nl 
Swan, .Imer Chem J , 1898, 

UaClj ‘ 2 Hg(t*N )2 6 H 2 O 


20 , 613 

Varet, Compt tend . 1896, 121 , 

BaC'lj 2lIg(CN)j6H,() 


348, .-!w/( Hum /Vi>/s , 1806, 
17|, 8 , 2(>0 

Dexter, Amei ./ Set , 1862, 

lUt'b/lgOGlLO. 

('olourlesH needles. 

121 , 33 , 121 

Antin'', ('ompt rend , 1887. 104 , 

IjOhos neaih ."dljO at 
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Ra(’l 2 ,Mn('b 

100° 0., I eat at I60°(’ 
I’lobably only scpaiated 

Sandoiuuui, Atli It, irettd 


from fused mixture 

/.trim, 1912, f51, 21 , 1 , 208 

• 

, of two salts between 



30 and 40 jiei cent 

1 Mnt'l,. 



hydroxide and exlraetion hy alcohol ol’ the bromide from admixture 
with bromate/ or, finally, by calcination of barium bromate.'^ To 
obtain the anhydrous salt the solution formed by most of these methods 
IS evaporated to dryness and heated to a little above 130^ C.® It is a 
white deliquescent substance of density t-79 at C. It melts at 
880° and sublimes at 820° t’,® The heat of formation is 179’82 Cab, 
and the heat of solution 4-98 Cab® 

The following values have been found for the solubility at different 
temperatures ’ : - 

Temperature, . -20-9+7 IQ 19 40 71 76 77 104 14.") 160 175 

Grams BaBr, T>er 100 

grams solution . 45-7 46-5 48 5 48 8 49 3 60-9 55-1 66 5 55-6 56 6 tM)-r> 59 4 60-3 


^ Heiiner and Hohenhauser, Din^l. poly, J., 1864, 173 , 340. 

* Richards, Ztitsch. arwrg. Chem , 1893, 3 , 441. 

* Richards, {oc. at. ; Kie\dw, Amtr. J Set., 1905, [4], 20 , 97. 

* RuflE and Plato, Ber., 1003, 36 , 2357, Kellnw finds 847'’ 0., Zeitxch. annrg. Chem., 
1917, 99, 137. 

^ Stock and Heynemann, Ber., 1909, 42 , 4088 

“ de Fororand, Compt. rend , 1911, 152 , 27, '■ 

' Etard, Ann. CWw. Phye., 1894, [7], 2 , 640 ; see also Kreniers, Jahre<<ber., 

274 I Pogg. Anndlen, 1866, 99 , 444 1 1868 , 103 , 67. ' ^ 




Milikan dt*tcrniinccl the concentration of sohiiions in contact witK'’^ 
ice at different temperatures. 

Temperature, "(' -;j 9 — U1 2M 

Grams Ha Hr 2 per 1(H) <rra ms solution . . 17S .‘IS U-« 

The cryohydrie temjieratnre is — ‘2*J-(r the eoneentrntion of tht“ solu- 
tion bein^ iO-fi jkt cent, of barium bromide ' , 

The solubility is (limmished by the* ])resenec of the barium or bromine 
ion. Tlie effect of barium iodide lias liccii stiulu-d by Ktard * 

The i)ropcrtie,s of barium bromide solution:? luue been m\eslinated 
from the point of view of density,® vajiour pressure,* I'leetneal eondue- 
tivity,^ frcczing-iioint. and refiaeti\e inde\.“ 

An aqueous solution of barium bromide is deeonqiosed b\ carbon 
dioxide with the formation of bromine and barium carbonati'. 

Hanum bromide is soluble m both eth}l and methyl alcohol, but more 
so in the lattiT than the former.’ 

Hydrates uj Wnium Bromide.- - From saturated solutions at ordinary 
temperatures the dih\drate .sejiarates out in rhombic” or nionoclmie 
crystals, which are rather liyjtroseojne, but do not Iniiu fv bndcr ordinary 
atmosjiheric comhtions. and ^^llleh have a density of d H,V> at 21' 

At red heat the hydrated salt isslij^hlly deeom|)os<‘d with lossof bromini'." 

It IS isomorphous with barnini chloride dihvdrate. The solulahlv m 
iiKthyl alcohol, which is considerable, decrease's with the addition of 
water, reachui^r a minimum at about aO ]>er cent, of alcohol.''^ 

'Phe lu'at of solution of the dihydrale is - t l.'tO Cal.,'® and,1heri'fori‘, ^ 
since the heat of solution of the an%drous salt is I t>H Cal., tlu' heal of 
hydration is 9 11 Cal. 

The dihydrate is in eipiilibrium with the monohydratc, HaHrj.IIjO, at 
about 70° In dry' air the dihydrate may be reduced to the mono- 
hydrate at ordinary temperatures.*'* Hy hcatinj^ to 100' 100'’ C. the 
anhydrous salt is obtained.*® , 

Addition Compounds' of Barium Bromide ~ Hy the action of pure 
drv ammonia on dry barium bromide the eonqionnd HaHrj.KXIIj 
IS formed. Its dissociation pre.ssure is 700 inin. at 05 C C,*” .\n 

' Milikan, Zeilfich. phijsikal (%m , 1918. 92, 78 
- Etar<l, Ami Chini, Phyn,, 1894, 17|, 3, 287 

' (lerlaoh, ZciUch anal t'hnn , 1899, 8, 28.> , .lonw and (letmnii. XnUrh phytakal 
Chtni , 1904, 49, 407 , do (V>pjH't and Miilloi, Com pi rend . 1902, 134, I208 

* Tainmnnn, It icd. Annakn, 1885, 24, 552 ; Zeil^ih phymkal Clnm., Kof., 1888, 2, 45 
“ Jones and Ootman, he cit , dr, Copiiet and .Muller, he cil 

* .Jones and (’hainlKTS, Airier Clum J , 1900, 23, 89 , -Jones and (ietman, lor nt, 

’ Lobiy dc Bruyn, ZeiUtch phymknl (’hem, 1892, 10, 783 

“ Jtammclabcrg, Pegg. Aitmikn, 1804, 122, 610; Handl, Silziingsber. K Ahid Wtsn ■ 
\Y\in, 1858, 32, 244 

* Hcnner and flohenhauscr, Jahrenber , 1864, 148, Werlhor, J prakl. Chem , 1864, 
fl], 91, 167, see Jnhresber , 1864, 186 ; Kicliards, Zeitsch, nnoig Chnn , 1893, 3, 441. 

Richards, he, (li, 

Schultze, J praki. Chem., 1880, [21, 2i, 419. 

Lobry de Bruyn, Zettsch. phyaikal. Chem,, 1892, 10, 787. 

'* Thomsen, Thermochemistry, English translation by Burke (Longman'^, (Jioon & Co.), 
1908, pp. 49. 68, 62. 

“ See also (^uareschi, Aiti R. Acead, Set. Torino, 1913, *48, 929, 

See also Beckmann, J, prakl. Chem., 1883, [2], 27, 152. 

Joannis, Compt rend., 1905, 140, 1243. but sec Rainmelsberg, Poyg. Annakn, 
1842, 55, 237. 
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addition coin[)onnd with glycine is also formed, of composition 
RaHrj/iXIIaCiraCOOir IIjjO.i 

Double Salts. The foJfowing donhle salts have ])een mentioned : 
BaRlillr6,2 HaBr...HgBr2,3 BaBr2.2irg(CN),.0Jl2O or TllgO,^ and 
BaBr2.‘2KBr.6 

Barium Perbromides. The compound BaBrg is slowly formed 
when anhydrous bromine acts ujion buriuni bromide^ 

Solution# of barium bromide take up bromine, and ex])crimcnts on 
the distribution of bromine bet^\cen an aqueous barium bromide solu- 
tion and a solvent immiscible with if, show that combination has taken 
place.’ In solutions in' which the barium bromide concent ration was 
0 009Jlfl grin. -mol. ])cr litie, the value of tlie dissociation constant for 
barium tetrabromide varied betweiai 0 Oltl and OOl.^ at 25' ('. 

If jierbromides exist m I he solnl state they are very unstable.® 

Barium Iodide, Bal2, may be obtained by the neutralisation of 
hydriodie acid by barium carbonate, hydroxide, or sulphide. Instead 
of hydriodic acid, iodine and a reducing agent, for (‘xaniple iron ^ or 
barium siiliibite, may ad\antageously be employed. By the action of 
iodine on barium liydroxide, barium iodide in solution and practically 
insoluble barium lodate are formed, and can lie separated bj filtration. 
Instead of remoMiig barium lodate it may be reduced to barium iodide 
by sulphuretted hydrogi'ii.'® Barium iodide is also formed liy the action 
of iodine on barium jieroxule m the jiresenee of water.” The anhyd- 
rous salt is obtained by e\aporatmg to dryness and heating m a 
current of gaseous Indriodie aoid.'^ it is a white, delKpieseent eoni- 
pound of (lensity 5 150 at 25*^ (’.^® and melting-point 710" C'.’* The lieat 
of formation is 1 M) 0 ('al.,'® and tl#heat ol solution 10 .‘1 Cal.'® 

Barium iodide is very readih soluble in water, and the following 
values, have been obtained 

Ti'inpoiatmo, -22 -9 .I ir> ,t2 40 07 S7 90 till 140 10.7 

(liaiiH Hula per 100 

HramsHoluhon . 58 .1 00 0 oO 9 00 0 (.8 3 09 8 719 72 1 72 7 73 0 7.5 7 74 1 

'riie densities of solutions of diflercnt eoneentrations ha\e bicn deter- 
mined,'® and also the eleetrieal eonduetn dies, refractne iiuhei's, and 
freey.ing-])omt lowerings.'" 

’ I'foific't aiul v»m ModclHki, Zni^rh /./(./•.(«/ Chou , 1912, 8l, 329 

“ (roli.uljkino, Jivll Hoc (hivi ii<h} , 1910,24,388 

3 Ronsdorll, I'ogg Annalni, 1830, 19,340 

^ Valid, Cotiipt rc»(J , 1895, I2l, 398 
Ki’llnoi, Zi'ilsch niioig Chnii , 1917,99, 137 

• Heitludol. Imi Chun /%s , 1883, |.)I. 29, 348 

" Heii ami Bidlii, Zotf^rh mioig t'hcm , 19il, 71, 2,')4 

" Miwrr, ibid., 1902, 30, 113. 

• Comparo ('aJcmin Iodide. 

Kcin, Chon 187.7, 31, 244 

‘1 Rodioux, Coinpl Tfnd , 190(5, 142, 279 

'* Taswilly, Ann Chim I'hijs , 1899, f7), 17, 113 

Itaxtor and Brink, J. Chon 1908, 30, 40. 

* Hull and Plato, Her , llH.'l, 36, 23.77 
do Forcrand, Comp, loul., 19il, 152, 27 
do Forcrand, loc cit , TasBiilv, he cit ^ 

” Etard, d/in (Vum. Phyn , 1894 [7], 2, 544; see also Kremors, Pogg. Annakn, 1858, 
103, 57 ; 104, 133 

KremorH, loc. at ; (Jorlai-h, Zetlsck anal Chan , 1809, 8, 285 , Jones and Oetmaii, 
Zeitsek physiial Chon , 1901,49, 408. de Coppot amt Muller, rend . 1902, 134, 1208. 

Jones and Getiuan, he. at. 
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The solubility is mhieed by the presence of suits with a eoniinon 
ion.’ Barium lodult^ is readilv soluble in alcohol. 

A solution of jmre barium iodide has luaitral reaction When 
exjiosed to air and sunlis'ht it soon becomes yllow and di'|)«)sits harium 
carbonate. 

Barium iodide is stable m drN air at ordinar\ tempeiatiiies, but 
when heated m air it ultnnatelv |;i\es up all its iodine and forms the 
oxide. 2 

It is soiiK'times used for Iheiapiaitie purposes ’ 

IIj/(hnfrs of liarium Iodide. There are appaienlK sexeral liMlrali's. 
but tlu'V arc dilVieult to identif\ on account ol then* (lelupiesci ut nature. 
The salt crystallisintf out at ordinar\ temperatures has bei u disi'iibi'd 
as a heptah} (Irate, Bal , 7II/),^ but. aeeordin^Mo <‘ommeieial 

barium lodidi', m larire lie\a_ifonal prisms nH'ltini; m thewati rol <-i\slal- 
Iisatiori at 2.5 7 C'., is a h(‘\ah\dra1e. isoniorphous with sliontnmi 
chloride laxabydiate Bv evaporation of eoueentrated solutions 
I.esemiir obtained a hexahydralc.^ 

There is also a \ery hymoseopie dih\ilrale which is ra)udl\ coloured 
reddish blown in the an owiiiy to the liberation ol iodine" ll is iso- 
niorphous with barium bronud<‘ ihliMlMte, ami is ajijtardilh the'sl.ibh' 
form m contact with saliiratetl solutions at s.’>' (' ** At 12.5 the 
hijfher liulrates are coinerted into the monoh\ drati'. which bedims to 
lose water and forms the anh\ (Irons salt at 1.51) ( 

The heat of solution of the hc]>tah\ dr.ite is <1 H.50 I’.il 
Addition ('(imj)ounds Barium iodide forms addition compounds 
with aininoiiia eoutaiiiinu I, 2, b and 0 luolceiih's ol the lallru respec- 
tively. Tlie coiu]Htuii(l, Bal.jONll.,. has a dissociation trtssure ol aO 
inm. of mereuiw at 20' C . and tin* heat ol formation liom th(‘ iodide 
and ammonia is 10 80 C’al.“ 

Double Salts Barium iodide lorms a number of double safis (see 
next pape). 

Barium Periodides. B\ heatmp iodine with baiinin iodide, 
baiiuni piriodides similar to the calcium and Mroiitium pci iodides (‘an 
be obtained.'- Freezinp-poinl detcrnunations.’- as wi'll as disl i ibiit ion 
experinieiitsd'' indieatc tlu ir piescnci' m solution Ih r/ and Bulla 
found that for a concentration ol barium iodide ol 0 10.51 pnn.-mol. 
per litre, and additional iodine 0OOt0S:j to 0 0105)0 pim mol., the 
dissoci.it ion constant, asMiminp that onl\ the let ra -iodide* " is loniu'd, 
IS about 0 0007 at 2.5" Cb’* .Jakowkiii considered that the* compound 

' ,8eo Ti.'iimm Hremide 

^ Sch»lt/c, ./ praU ('hem , iHSn, (J|, 21, till 
“ Hialmmcl, IS!):), 5, 

* ('u.fl, J prukt Chein , I8.')l). 1 1 1, 68, 102 , Tlmmsen. fin , 1877. 10, nt:i . lice Iwminii. 
./ pmkt (Jhnn , ISS.i, (2|, 27, 141 

•* MugK<*, ('pnir Ain , 15)18, 10.'), ■'<•0 ,1 ('hem ,S'rw , 15)18, 114, Ab^ 11, .{111 
« L”.c-aMii, Ann Chun , 181)4, |7|, 2 , 105), soc> !ibo Milikan, Zn(-<h phyaiknl 

Chem., 1918, 92, 79 

’ Wordier, J pinkt Chem, I8l)t, [[], 91, 'VM , ''W also Milikan, for, nf. 

" Etard, loc cil 
® Beckinann, he cit 

Thomsen, Thtn/uKhemutry, English tian*»lation hv Biirko (Jiem & Co.), 

19(18, p. 49 

" Bilt/. lAikliochem , \9'20, 26 ,'Mi * 

M(‘\er. ZeiCrh nnvuf Chnn , 15)02, 30 , ll.‘l 
Her/, anil Bulla, tbul , 191 1, 71, 2.54 
“ See also Her/, and Kurzer, Znlfieh Elektiockem , 1910, 16, 8(i‘) 

VOL., Ill : I 
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Salt. 


Heiiuu kn 


Authorit\. 


Bar,Ziil^4lf,() 

Bart.SZiJjj . 

Bal^lfKl., . 
Ual,2Hgf, 
Bal,311<;l, 

Balj.^flul^KHjO 
2Balj.3H>«li IGHjO 

Balj . 

BaU2Hg(('N)j4H,() 

Balj2Pb]j7Hj(). 

2Bal^.SbIg.l8Jl/) 


Density 4 03 at, 0" (’ 

Large prisms, ilensitv 
4 at O' (' 

Wry doliqiKM-ent niis. 
matic (‘ijstals Den- 
sity 4 OO' at 0’ (' 
l^aigo flattened i i vstals. 

1 2 niin. thick and 

2 cm ioni.' 


Ycllowish-white < lystals. 

Tranapai CMi t, deep 
urange-red, rhombic 
prihins 


Kphnum and Model, Zcilsch 
anouj Cheui y 1910, 67, 379 
Ramraelsberg, Annalen, 1838, 
28, 223 

Boulla>, jhifi ('"hiin. I'fu/s , 
1827,[2),34,3r)2; Boithcmot, 
J I'hitm C/iiTii . 1828, 121, 
14, JSii 

Duboiii, Coinpt tend , 1900, 

142, 887 Sec also llohr- 
bach. iriff/. Annalen, 1883, 
20, 109 

Duboin, CompI tend , 1900, 

143, 313 

Custer, ,lr(’/i Phntui , 1848. 121, 
56, 1 , but see V’aret, Vntupi 
rend , 189.*), 12 1, 499 
Mosnicr, Ann Vhm Phi^b , 
1897, 17 1. 12 , 390 
Schaefer, hxpj ln««/e«, 1800, 
109, 011 


Balfl IS jirobably Ibrniod,^ and in nitrobenzene solution indicalions of 
the existence of the com])ound Balm have been obtained,’^ Accordm^r 
to rcouit investigations, each ion of the iodide is eipially aelne in eoiu- 
bining with molecules of iodine, henee in dilute solutions unsaturated 
with iodine, Bnllglg ap|)eiirs to be tlie only jiolyiodide present. In more 
coneentrated solutions the pentu-iodide is also present,® 

Mixed Halides of Barium,- B\ healing together niangam'vse 
fluoride and barium cliloridc at SOO'’ 1100" C'., and purifying tlie jiroduct 
by rcjieated extract ion with cold water, and, linallv, aleohul at 05' t'., 
barium lluorochloride, Bat’lg.BaFg* obtained in colourless plates of 
density 4 51 at 18'^ The meJting-])(>mt is 1008" C.® It is unalTeclcd 
by boiling alcohol, but decomposed into lluoride an<l chloride by water, 
especially if hot. It is soluble in concentrated hydrochloric and nitric 
acids, and decomposed by hot sul])}iuric acid. Barium iluorobromide, 
of density 1 96, and lluoro-iodide, of density 5 *21, arc similarly [ireparcdA 

The lluorochloride may also be obtained by fusing the amor])hous 
lluoride with alkali chlorides.® 

A solution containing both barium chloride and bromide dejiosits 
mixed crystals of the composition BaCUBry.'illaO,'^ but on fusing the 

^ Jakuwkin, Zeiinck. physikal Chern , 1898, 20, 19 

* Dawson and Goodson] Tran^. <!hew. Soc„ 1904, 85, 796. 

* Pearce and Eversole, J. Phijsienl Chem., 1924, 28, 24,'). 

* Defacqz, Compt. ren^, 1904, 138, 197 ; Winter obtained a much higher value, 5 931, 
/>i)iS('rfa(ton, Leipzig, 1913, I, boo J. Ghent. Soc., 1914, 106, Abs ii, 126. 

® Winter, hoc. cit. ; Plato, Zetlsch. pkysikal Chem., 1907, 58, 359. 

® Poulenc, Ann. Chim, Pkys,, 1894, [7], 2, 28. 

’ Herbette, Compt. und,, 1906, 143, 243. 





^SiRItm AND m COMPOtJNDS. ' ' • • 


^ two salts tojicthcr a molecular compound is formed \\itli the evohilion 
of heat.^ 

Mixed Perhalides of Barium. The lH*lla\mur of lodme lowards 
solutions of barium chloride, bromide, and iodide is similar to that of 
the eorrespondinjr calcium and strontium eompoumls. Tla^ lollowmj^ 
solubility data have been olitaincd : 




la iior cent. 

oil', nf 

Solvent. 

\\ iitoi 

— 






Oil 111, 

Hill, 

Grams iodm(‘ per 100 

0 01 Pi 

0 007 

0 231 

<1 5H 

^rrams .solvent. 
Temperature, ' C. 

Ordmarv temp. 

IS .7 

13 5 

13.7 


OXYirALOOKN DKIUYATIVKS 01' HAHIiJm. 

Barium Oxychloride. By the action of lianiim hydroxide on 
barium chloride in boiling a(|ueotis solution, the compound BaC'l.j BaO, 
nlip, or mixed crystals of Iniriiim chloride ami barium }i\ droxuh', nan 
separate, aecordin^f to the jiroportions employed. The oweliloridi' 
crystallises in small ])early ])lates, which are attacked bv water, ^deohol. 
or carbon dioxide. In vacuo part of the water of crystallisation is lost. 
Andre at lirst j^ave the formula as Ba('h.BaO..Sll./). but latei lixed th<‘ 
number of molecules of w'ah r as li\e.^ 

Barium Hypochlorite is not known in the pure slate, but.^vlun 
chlorine is allowed to react with erystalh.sed barium hwlroxide. an 
unstable compound similar to lileaehinu powder is obtained. It con- 
tains some hv|)oehlorite, and is jrradii;dlv Iranshrmied. on Iom piii^, into 
a mixture of chloride and chlorate * 

Barium Chlorite, Ba(C10jj)2, is foruK'd by the action of chloric 
acid on barium hydroxide in solution. It is an unstable salt, but it 
can be obtained in a fairly pure condition by rapid c^aporatlon o\cr a 
(lame until a skin is formed, and then further concentration in vacuo. 
Slow' evajioration results in the formation td’ the ehlorale. Barium 
chlorite is very soluble in water, and is decomposed into chlorate and 
chloride at 235" C'.® 

Barium Chlorate, Ba(CIOj) 2 , is formed In tlie neutralisation of 
barium hydroxide or carbonate with chloric acid." It may aj.so bi‘ 
precipitated by the action of ammonium chlorate,’ or aluminium 

' Borthelot, Ann, Chm. Phys., 1883, (a), 29, 

* Mi'ver, Zeit^sch. iniorij. Chem , •1902, 30, 113 

* An(li'6, Cotapl rend., 1881,. 93, 58; Ann Chun, Phy.H , 1884, lfl|, 3 , "1 , hoc jiNo 
B eckmann, Her., 1881, 14, 21.56, J prakt Chem, 1883, [2). 27, 127, ToshiUy, 4nn 
Chim. Phyn , 1899, [7], 17, 53 ; k^hrcmcmakcre, Zeilsch physikal Chew , 1909, 68, 88 ; 
Srlircmcmakers and Milikan, ,/. Cheni. ISoc , 1912, 102, Abs. li. 760. 

* (Irouvillc, Ann. Chtni. Phyg., 1821. |2). 17, 39; Konijid-WeiHlMTg, Bet , 1879. 12, 
346. 

Mdlon, Ann Chtrn. Phys., 1843, |3], 7, 327. 

* Vauquclin, Ann. Chim , 1816, jl], 95, lOU 

’ Thompson, Phil. Mag., 1847, [3], 31, m. 
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chlorali*,' on l)armni carbonate, ])rcfcral)ly boiling alcohol. Hy the 
action of chlorine at HO" ('. on barium hydroxide solution, or on barium 
carl)()|iate suspended in \^ater,“ chlorate mixed with chloride ismlitained. 
The latter can, lor the most ])art, be removed by recrystallisation. 

From solution the monoh\drate separates out in colourless, mono- 
clinic crystals. ^ 'I'lie chlorates of the alkaline earths exhibit (T\stallo- 
lumiiu'seence on cr\ slallisin^ out.' The density is 3 170,^ and the 
specific luat 0 iriT.*' The salt loses its w'ater of crystallisation at ISO' t’.,’ 
and slowly decomposes at 300' 310“ (!., wnth the formation of ])erchlorate 
and chloride and the loss of oxygen,^ The rate of decomposition in- 
creases with rise of temperature, and the reaction continues until about 

10 ])cr cent, of ox\^ren has been lost. 

When mi\c<l with a reduein^f a^eiit, barium chlorate readil\ (‘xplodes. 

11 ri'iiels with iodine, fornunif mdie and ehlone acids and bariimi iodid(‘ ® 
With sulphurous acid at 00' barium sulphate and chlorine monoxide' 
are' obtaiiu'd Sul])hurie acid deconi])oses it with the jiroduction of 
li^dit. 'riu* heat of solution of the anhvelrous salt is - 0 7 Fal."’ 'I’he 
heat oC solution of the inonoh\drate is -11 2t (’al.,“ and. tlu'relbre, the 
heat eif h> dr, 'll ion is t at (’al. 

The followin^f values have been found for the solubility -- 
IVitiiH'i.itmo, (' . - 2 71‘) (I" Ur 2(1 30'-' 4(1 ')(! 

(•i\(ili\(lii( point 

(irams imlodious salt pci 15 28 Hill 2123 25 2() 211 13 33 1(> 3(> (>J> 

KJO pi.iins solution 

<»(l‘ 7(1 80 00’ 00 1 105^' boilinp-poinl 

. 10 05 43 0 1 15 00 18 17 51 17 52 07 


The \a])our jircssures and refractive indiees of bariiini chloiatt' 
solutions ha\e been determined. 

'file suit is only sliKhtly soluble m alcohol. 

llarium chlorate is used in ])yroteehnics for theproiliiction of {ii’cen lire 
Barium Perchlorate, Ba(C10,)^, mav be obtained b\ the action 
of pi'i’chloric acid on barium Indroxide' or carbonate. <n’ b\ tlu' inti'r- 
action of /Jiic ))erchlorat(‘ with barium hvdroxide'."’ It is also formed 
by heating the chloralf' (see (’hlorate). 

Jt forms hc.xagonal jirisins eontainmg 3 moleeules of wati'r.'* ll is 
not h\groscopie if fn'c from perchloric acid, and is soluble in w'ater and 
alcohol. It loses 2 moleeules of w'ater o\er eoncentrated sulphuric acid 


' biiutdaii, .t»H rhium , ISli'.l, 151, 3(*l 
■ (’race ./, Cht'iii S<>< , I85i, 3, 10() 

lUvniMU-bbiTp, l\}(jg Antnilni, 1853,90, 1(», Siuuha^v, Auualtu, 1857, 102, 381 

* 'Plant/, and .tn.'.tliut/, Z(dsth phymkul Chini , 19(16, 56, 230 
’ Scliioodci , l>t( Idigktil'iinc.s.'iinKjfn, IIi'idHbotp, 1873. 

* K(»]>p, AnmilcH Supjil , 1804-5, 3, 298 

’ Mdb.n, Ann Chtin. Phys , 1843, [3J, 7, 327 

* J\'tdit/m, J. liiuss. Phif.'> ('hem tioc., 1887, 19, 339, sec Btr , 1887, 20, Hid , 709 

* J’otilit/m, Bn., 1887, 20, lU'f., 772 

'« liofthflot, Ann Chun Phjs., 1875, [oj, 4, 103. 

” llcrtholot, tor. c%t. , Thomson, ThermochemisUy, Knplish trnu.slatioii by Burke 


(Bonpmans, (dwn A Co ), 1908, p 50 

Tiaut/ and Anschutz, toe cit ; see also 
.47171 Chun /Vtf/a., 1894, (7), 2, 529 

Tamniann, Zeitsck. phy-fdal Ckem,., 18881^ 
Gladstone, Tm/w Chey. Soc , 1891, $9, 51 


iBOi^, JahrcAbc) , 1850, 274 , Ktaid, 


Groth, Pogg Annalen, 1808, 133, 220. 


Henry, /ln7iato?i, 1839, 31, 345 

Potihtzin, J. Eu 3 s. Phys, Ghem Soc , 1887, 19, 339, see Ber , 1887, 20, Hof , 770 


S6ruUaa, Ann Chim. Phys , 1831, [21. 46, 303. 



BARIUM AND its' COMPOUNDS. ‘ 21.1 

at room temperature, l)ccomcs anliyiirous at 100 and at K)0' HiO' ('. 
it decomposes.' The heat oi' solution of thr anli\drous salt is -- 1 .si al . 
and of tile I'nlndrate - !) t I aM Theivfijre.tiie heat of h>(ii.iliou is 
7 0 (\il. A (lih\ (Irate and a moiiolu (Irate have also been menlioiud ^ 
The anh\ (Irons salt is said to exist in t^\o foims, lhi“ transition point 
heinji -^1 r.'* 

Barium Oxybromide. -By tlu' interaetion ol h.inuin hroinide and 
hulioxide in solution a er\stallis(“d i(\\ hroinide of eoniposil uni IhiHi^ 
UaO air^O,^ or 711,0.'* is ohtaiiu^d On healnif' to l‘JU ( in dr\ 
air, 2 molecules’ or molecules'’ of ^\aler remain 'I’he eoniponnd is 
dissociated In a\ at it or alcohol, and deeompo.sed 1)\ eaihon dioxidt 
Barium Hypobromite is prohahlx lomud m solution h\ tli< .lelion 
of hromine on hariuin Indroxide The solution has oxidisnif.; pi‘o|M it us, 
and has Ihu n enij)lo\ed to ('stiniate .inmioma h\ llu' lihei.ilion of 
nitrogen. ^ Carbon dioxid(‘ ('auses the (noliition of biomine .ind the 
preeipitalion ot h.iniim carbonate. B\ distilling a dilute .solution iindiM' 
reduced pressure, whilst at the same lime e.irboii dioxide is p.issid 
throu^di it, a dislillat(‘ eontainnio bioninu' and hvpobiomoiis .leid is 
obtained.” Ihomine beha\es m imieh the s.inu way iow.iids b.ijinm 
hydroxide' as towards solid ealeium Indroxide ” 

Barium Bromate, Ba(Br(Jj)>, nia> be prep.iivd In jin eijiit.ition 
I'rom boiliiii^ .solutions ol jiotassiiim bromalc' and b;irnini ehloiidi'. or. 
preterabb , aei'tate.'" It is also lormed by llu'aetionol baiiiim li\ dioxide 
on biomine ehloiide," and In the action ol bioinme on .i boilinii solution 
ol barium h\droxide. It forms nioiioelime prisms, of deiisiU ;{ .S 2 , 
isomor])hous with the chlorate and eonlainmy 1 molecule ol \C'iler of 
(Tvstallisation, which is not ienio\(‘d until a tcmpeialure (>1 170 C is 
reached. Al about 200 t'. the salt b(‘L’ms to decompose '■* 'fhi' d( com 
position u[)parcnll} lakes plaei* in two stages, beeaiusc then' is an yitd’- 
mediate slowm<f down. Potilit/in attributes this to the formation of 
tw’o isonuTie broniates, BaOo.Br^jO, and BalBrO,),' bromine bein^r pe nta- 
sidciit ill the hrst and h('pla\alenl m the second 

'riie followiiiff \ahi(‘s ha\e lu'en olitamed for the solubilit\ al dif- 
ferent tempera lures ” ' 
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- Ocithelot, Chtw /'Az/n . 1 M 71 , 1 '»]. 5, lo.l 

‘ \\ ill.itd .iiid Smith, J Auni f'lniii Soi ]U 2 '{, 45, JSd , 

‘ Vorlandci and Kausilit, Hii , I{i2‘{, 56 (B| Il.jT 

' Ttissillv, Ooi ('hull , IStll), I? 1 . 17, Vi , it/i'f Is'i'i, 120, l.‘{.■^K . SidllCJIU- 

rnakei'- and Milikaii, ./ Chvm Nor, . ISO 2 , 102, Vli'. 11, 7 »)(l 
* U('ckmain), ./ rVifwi . |2|, 27, 1.12 

' Ta>59illv, h< < il 
<* Knop,‘/l('i , IS 70 . 3,91 
'* Dancci, J Chmi Sor , 1892 . 15, 477 
Romm(’KbfiK, Pogij An^h-n, 1841 , 52, 81 
“ lialard, Ann Chim Phy» , 1820 , [ 2 I. 32 , .'tOT 

RainmfNIiPrfj, /or n( , I*or/ij innnlni, 1.8.73,90, L • 

I’otiliUin. loc ett 

'* Trautz and Aiiijchutz, Zeilvfi jihifMUil ('hem , 56 , 2.ii>, .see alao Haikirii und 

\Vinninghiiff, J Amer. Chem So( , RmA, 33 , 1827 , Jtajkms, ibid , 1838. 



The solubility is increased by potassium nitrate and diminished by' 
barium nitrate and potassium bromate. 

Barium Perbromatj^, Ba(Br04)2, is obtained iis a white granular 
precijntato by the action of jierliromic acid on barium chloride solution,' 
or in a ciTstalluic form by mixing solutions of jiotassium perbromatc and 
barium chloride and adding alcohol.^ It is not formed by tlie dccom- 
])osilion of barium bromate by heat. 

Barlu^ Oxyiodide is formed similarly to the other oxylialides.® 
It has the eoni])osition BaIg.BaO.OlIgO. By heating to 120° C. it forms 
the pentahydrate,^ and over sulphuric acid in vacuo the dihydrate.® It 
is decomposed by water, alcohol, and carbon dioxide. 

Barium lodate, Ba(I03)2, is obtained by precipitating a soluble 
barium salt with sodium lodate in dilute boiling solutions,® by treating 
barium hydroxide with excess of lodie acid,’ or by the action of iodine 
on iiowdered barium hydroMde." The precipitate is composed of small 
opaipie inoMocliinc ])risms containing 1 molecule of water of crystallisa- 
tion, but it may be obtaiiu'd m clear crystals by rccrystallisation from 
nitric acid. It is isomorphous with the bromate and chlorate,® loses its 
water at 180° and is deeoinposed by heat, guing off oxygen and 
iodine.’® The decomposition takes place explosively m coni act with 
carbon.® SuJjihiinc acid liberates iodine from barium lodatc.” 

The solubility, even in hot water, is only small. In 100 grin, of 
the solution at 20° C. there is 0 022 grm. of the anhvdrous salt. 

Barium Periodate, BallO^)^, has not been isolated in the solid 
state,’® but several basic salts are known. The compound formed by 
precijiitation of a barium salt by an alkali jieriodate in acid solution 
IS Ba().Ba(l0,)2.7ll20.' ‘ If the solution is strongly acid a pentahydrate ’® 
or, in presence of nitric acid, a trih} drate may be formed.'® The he])ta- 
hydrutc loses t molecules of water at 200° ('., and is comjilctely de- 
hydrated at .‘300° C.'® 

Hire obtained also the compound 2nn().Ba(IO4)2.0ll2O.'^ 

By calcination of the dibariiim salt.'® or by heating barium oxide, 
jicroxide, or carbonate with iodine in the presence of air,'® a jumtabanum 
compound, l-Ba().Ba(l()4)2. is obtained. It is also formed b> Inating 
barium loclatc to a high temperature '® when iodine and oxygen are 
evolved, or by heating liarium iodide in dry air. Similar rcaetions take 
place with calcium and strontium compounds, but the products arc less 

* Kainmoioi, J. piaki Vhvm , 1803, [I], 90, 190. 

* Muir, J. ('hem. Sor , 1874, 27, 324 

® Tassilly, Ann. Chim Phys,, 1899, [7], 17, 59, Bcckinunn, J, ptaki ('hem., 1883, 
12J, 27, 134. 

* Beckmann, loc. at. 

® Tas.'iilly, he. cit. 

* Bammeleberg, Pogg. Animlen, 18.38, 44, 570, Bittc, Ann. Chxtn. Phyn., 1890, [0], 

21, 149. 

’ Millon, Jnn. (Vnw. Phy-u 1843, 13J, 9, 410. 

* Gay-Luasao, ^n». Chun., 1814, [ij. 91, 60. 
p. ■ Marignac, Jahresber,, 1850, 300. 

800 SuRinra and Cross, Trann. (Jhem. Soc.^ 1879, 35, 118. 

Raiumelsberg, Pogg. Annalen, 1839, 46, 169 ; 1841, 52, 411. ^ 

Traut/. and AusChiltz, he. ctt. , Harkiiib and Wmninghoff, he. cU ; Hlukins, he. cit. 

Ramraelsberg, Jahresber., 1867, 168. Jak 

>* Ihre, Her , 1870, 3, 3J6' “W ^ 

Lan^ois, Ann. Chxm. Phys., 1852, [3], 34, 266. 

Rainmelsberg, Ber.^ 1869, 2, 147 ; Ci-osn and Hugiura, he. ril. ; Trans. Ckem. Soc,, 

• 1878,33,409. 



stable. Rammelsbcrjj obtained several other salts of donbtlul eom- 
position,^ and Lan^dois isolated the com])ouiid 3HaO.‘2Hn(I()j)., .>ll 2 tb® 

I 

UAlllUM ANJ) MANGANESE. 

Barium Manganites.- It is jirobablc that many natural double 
oxides are really nuuijfamtes very neli in nianjjHnese, for example 
psilomelane^ and van'ocit^, MngOi^lta.Jill/).* Se^eral inniij,^uul('s ha\T 
been prepared artiheially. The compound HaO.^InOo is stable above 
1100° C. or lielow 1000 C., and the eompound IhiO.^MnC), lJel^\e(‘n these 
two tcm])eratures. The latter is also Ibrnu'd aloiif^ with maii^fanese 
dioxide by heating barium perinan^ranate at 3*20 and if tlie heatiuff 
be prolon^^ed, a man^anite still rieher in niaii{Tanese, ItaO.TMnO^, is 
obtained.^ The compounds. I{a0.5Mn0.2 and HaO.MnOa.Hafh'’ have 
also liei'u obtained. 

Barium Manganate is used as a colouring matter under llie name 
of Cassels' green, manganese given, or Hosensthiers green. 'I’he eom- 
posilion depends on the method of preparation Insolubh' liesagoiml 
plates of 3lla().‘2Mn()j are foriiu'd In heating a imxtiin' o# barium’oxide 
and nitrate with manganese ox^le.’ or barium peroxidt with manganese 
dioxide, or earbonate/ or In the aetion of hydrogen peroxide on tlie 
jiermangaiiatc.® 

An imjaiiv manganate of formula lhiMn() 4 , eoiitamiug no water of 
ciystallisation, is obtained by preei[)italing barium eliloridi* with 
jjotassium maiiganati'.'* It is also formed by heating jmre ujingauese 
dioxide with potassium ehlorate and barium liydroxide,'*^ or by bcaliiig 
the maiiganite above l.iOtT C.*’ 

By lu-aling a mixture of ])ermangauate and barium Indroxide the 
eonpiouiid. Ba;,.Mii 2 ()H.ll.p, wliieh does not lose its w’uter at reit lieat, 
is formed. 

Barium Permanganate, Ba(Mn 04 ) 2 , is obtained m line ortho* ^ 
rhombie oetuhedra, which are delKpiescent andtilmost black with violet * 
rclleetions,'^ by saturating a .solution of potassium permanganate with 
hvdrolluosilieic aeid, treating with a susjieusion of barium hydroxide, 
and erystallisiiig.i^ It may also be prepared l)y the action of barium 
nitrate and barium hydroxide on ])otassiuiii permanganate and subseipient 
treatment with carbon dioxide,*^ Other methods are iiasatisfaetory.^® 

^ Kauiint‘Nb<'rg, Jahresber, lSf)7, UW 

“ Langlojs, Aim. Vhnh ntj9 , 1«3>, |:t). 34. 

‘ Walkei, Aiiu‘>. Ckcni -/ , 188H, lo, 41 

* Rous.'.cdu and Saglici, (Jompi vnd , 1884, 99, l.'UI , Kons'-t-aii, ibid , I88li, ro2, 42.), 

(U5 ; 1887, 104, 780, 17% 

s RiskT, Hull A'of chiw , 1878, 12|, 30, 110, R()U^s.>au, Couqd rend., 188.'), loi, 10/ , . 

Dufau, Ann. Vhim Fhi/s , 1 81)7, [7], 12, 2.>7 

® Kasaner and Keller, Aich. Phanil., 1001, 239. “t"** 

^ Rosensthiel, J I’hann. Chun., 1804, [;»|, 46, 344 

“ Donath, IJingL poly J , 1887, 263, 240. 

* Goigeu, Compt rend , 1890, 1 10, 958. 

Schafank, J. prakt. Chem , 1863, [1 j, 9°. G* 

Rousseau, Compt. rend, 1880, 102, 616 

1* Auger and Billy, tbid., 1904, 138, 500 

»» Mitschorhch, Poyy. Annukn, 1832, 25, 287, ('heviUjit and Ldwards, Ann. Chtm. 
/•Ai/ft, 1817, [2], 4, 287 ; 1818, [2], 8, 337. 

** Rousseau and Brunean, Comjd, renrf , 1884, 98, 229. 

Muthmann, Ber., 1893, 26, 1016. 

Bottger, J, prakL Chem., 1803, [1 1, 90, 150 ; Rromhere, Pogg. AnruiUn, l}i34, 31, 077. 



^16 THE ALKALINE EARTH METALS. ' ' 

The electrical coiidiicli\'ities of different hariuin permanpinate solutions 
have been deterniiiied.' 

t 

lUHlUM AM) ()XV(;KN. 

Barium Suboxide, Ba^O.- By hentinj^ banuni oxide with rnetsillie 
niagnesmiii to ‘JOO' 1100' a blackish sintered residue, wliieli reacts 
with water/ prodiieinj^ li\ droj,^en equivalent to half the barium eiuployed, 
IS obtained. A similar product is formed by heating to^fetlier metallic 
barium and barnmi oxide, (luntz rcffarded it as the suboxidc, BaJ) - 
It absorbs nitrogen and liydroiien at red luat. With liydro<fcn tlie 
reaction is 

BaaO I II 2 - Ballg ! BaO. 

The mixture of liarium hydride and oxide beha\es as if it were the 
coni])onn(l Ball.^ 

Barium snhoxide dissociates into barium and barium oxide when 
stroii^rly heated. If a \olatite metal be used for th(‘ 1 eduction, the 
dissociated barium \olatihses with the excess ot the reduenij^ metal, 
Ibrniin^j an allby. The temperature must Ix' hi«,dier than lhal neeessar\ 
to volahlisi' barium, in order to disso'eiate the suboxide. If a non- 
volatile* UH'lal, such as aluniimum, be used, tin siilioxide is si ill Ihe lirst 
product, but this splits uji into barium oxide and baiiuin. the laller 
distils off alone, and the reniaiiiin^ oxide is ajfain reduced to I Ik suboxiile ’ 

Barium O.xide, BaO, ma\ be formed b\ the direct eombina- 
tioii of its elements. It is olitanied bv calcination oj tin* liydroxide or 
nitrate. A hi^h tem])erature is lequiied to prcM’iit eontammalioii with 
tlu* peroxide. Barnini carbonate cannot be decomposed under tlie 
conditions pn'\aihn<i in the limekiln. For production Irom witheiite 
on the eonmierejal scale it is necessary to heat with carbon, wlu'ii the 
follow'ing ri'action lakes place * : 

BaCOj I (' -BaO j 2Vi). 

Accoriling to a pati iil of I'Vank s.^ barium oxide ma\ he obtained by 
heating together hanum earhonale and earlnde, 

JiBaC Og I BaC'j-tBaO f 5( 0. 

Barytes may be used instead of witlierite, and is gcnerall\ a purer 
mineral. By heating with coal or coke’ in the rcNcrheratory fiiriiaee, 
or preferably by using a gaseous reducing agent sit 0(K)' -O.^O' ('.,*^bar\ tes 
may lie reduced to the sulphide, which can lie readily converteil into the 
hydroxide and thence into the oxide. 

The' United Barium Company at Niagara Falls pati'iiled a jiroeess 
for preparing barium oxide directly from barium suljihatc. The sul j diate 
is mixed with sullicieiil carbon to reduce a quarter of the suljihate to 

' Frankt*, Zettsch. ('kern , 189.*), 16, 40:1 

“ CJunlz, Cornett raid , 1900, 143, 339, Vhim. Phys., 1907, [S], lo, 437 

® Wuiklcr, Be.r., 1891, 24, 1977 ; sco Barium Hydiido. 

* Sec Preparation of Banum 

Lungo, Dmjl poly. J , ,1871, 202, 70, Riviere, Bull Soc Mitlh , 1860, 36, 138, 
Schoorer-Kestnor, xbid , 448. 

• See Tonvi and Bniekiu r, Zvitsch. KhUruch >n., 1920, 26, 2. 

’ Sco also Maetcar, DitUjl poly. J., 1886, 262, 287. 

" Marin<j, Oazzetta, 1913, 43, i, 416 ; Manno and Danesi, xbid., 425, 434 
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sulphide, and the whcde is heated in the elect rie Inniaee. 
reactions take })lace ^ : - 

liaSO^ K H.iS r up 

HaS ; alkiSO, llhiO , LSO., 

Hy heating' haiiiini ehloiide with /ni<‘ o\i(h at white heal, /me 
ehlonde ls in.ide to \olatilise and l»aiinin oxide is hit - 

liarniin h\(lro\uh ina\ lx* pii paled eleeti(»I\ tie.dK •* and 4li( n eon- 
\erte(l into thi' oxide 

As ordinal il\ prodneid. it is a white (or often uievish) .inioiphoiis 
pow'der, the deiisitv of which \aiits eoiisiih r.il)l\ , Iroiii t 7.'} a 7(1. with 
the method oi piodiietion ' It ina\ he ohtaiind in a eiNslalline loini 
hy .slow ealemation of the nitrate, hut, owin;> piohahh to tin- tail that. 
niilik(‘ ealeinm and strontinni oxuh-s, haimni oxnle <io(s ind dissoKt 
in the iiitrat(‘, tlie er\stals an* oiiK niieioseopie ' 'riicK an appan ntl\ 
two lornis, eiibie, of density a 71. and he\aj,mnal, »»t deiisiU It li’J • n\ 
fnsinn .m the eleelrie tnrnait at a lowc'i tenipeiatiiu than is pttssihle 
111 th(‘ eas( of ealenini oi sliontiuni oxides, aiul allowiiiji; to e<io|. a 
ervstalliiie mass is olitamed'' liainmi oxide also erN slalhst s onl \*hen 
a mixl lire ol hai lum and lit hmm pai lionati s is in ated t<» 150 1250 ( ’ 

'Pile heat of loi malion ol hai mm oxid< is 125 <S(» t al ^ 
ll\ dioeliloi le acid le.iets with haiium oxidi* e\en at oidman t< ni- 
P'-ialuies. pi’oh.ibh owiiiji to the (hlheiilt\ of malvm«i it eoinpleti l\ 
aiiiiN (lions ■' Siilpliuietted ludronen ""and sulphm dioxiih " onl\ leaet 
w hen In <ited Ii\ In <itmj^ with eaibon dioxide the n action is so \ i^oioiis 
that the prodm t beeonn s ineainh scent and ma\ naelia tempi lat nre of 
1200 (' *- .V liasie earbonale ot mdelmiLe eoin)fosition ii suits 

ln\ est iiratioiis ol the lem|U‘ialnn' ol delu diation of h\ diali il baiiimi 
hydroxide ha\e led di* Foierand to the eonehision that barium yxide 
should be lepiesented as a condensed product, (HaO),,.*’ 

Ill the jiresenee of small ipiantities of phosphoro^eiis, bauuin oxide is 
phosjihoreseent 

Hariuih oxide dissobes m lusid barium ehlonde to the exh nt of 
one molecule of oxide to one ot ehlonde. .Mixed crystals eonlaming 
17*7 per eciil. of oxide sepaiate out.^** 

' liiadlej and •I.icob*., Z(’ii.«*/j hi , ISMIO, 7, J2i> , .larobs, ,/ Sor Cliftii Ind,, 

l‘l(l2, 21, IWl. 

" 11(111/, r//(iH Zed, lUUl, 25, urn . Ilnn/ iron*' a (iitn.d icnkw nl 11 inniili( 1 ol 
linn ('ssci loi tile piodiutioii at liiiinnti (ixide l'in juitlu*i ielciciK c" m-(> 'IViks .iiid 
Itruclviun, ZeiU(h KUUnMhm , H»2n. 26, 1 
’ See Jiaiiuiii Hvdiovidc 

I'lllidl, .biH ('him Pky^., lS-17, [11. 21, tlT , ( Like. Cun-^laul^ „j I'.al J. 

(Macmilluri & Co.), 188tj, j) i2. 

' brugelmarin, It'toi Annalcn, 1877, 2, HJI) , 18/S, 4, 277, '/.rih(h nnnl ('hem, 
1890, 29, 12() , Zcii'sdi amnj ('him , 1908, 59, 248 

* Comjil , 1892, 115 , 103+ , Ihw ('lum Phys , 189a, (7J, 4, 139 

■ Lobcau, Ann Chim Phf'i , I90.>, |8|, 6, 138 
de J'orcraiid, L'ompi rend , 1911, 152, 27 
" \ etcy, Pfoc Ckem. Soc , 1894, 10, 240 , Pu . 1890, 29, r)S0. 

{Schumann. Anmlen, 1877, 187, 311 
birnbautii unit Wittich, Her , 1880, 13, (>r)l 
llaoull, (Jompt rend, 1881,92, 1110 
See also Schciblcr, Bcr , 1888, 19, 1973 
d« Fororand, Compt. rend , 1908, 147, 18.7 
Schmidt, Ann. Phystk, 1920, [4J, 63, 264 
Arndt, Rcr., 1907, 40, 427 



Owing to its tendency to form barium peroxide, the oxide may be 
used as a reducing agent for organic conipounds.^ 

Barium Hydroxid^, Ba(OH) 2 .- -Barium oxide, like the other 
alkaline earth oxides, combines with water with considerable evolution 
of heat, forming powilered barium hydroxide. It may be obtained eoin- 
mcrcially from the sulphide by the action of metallic oxides, for example 
zinc, copper, and lead, m the presence of water,® by treatment with 
superheated stcani,^ or by oxidation of the warm solution by air ui the 
jiresencc of Weldon mud.'^ It may also be prepared from the carbonate 
i)y the action of superheated steam at red heat.^ The electrolysis of 
barium chloride solution with a mercury cathode, by methods similar 
to those employed for the })roduetiou of alkali hydroxides, gives 
barium hydroxide.*’ An electrolytic process has also been suggested for 
llu' jircparation of barium hydroxide from barium sulphide. Barium 
h\dro\ide is formed at the anode through the interaction of hulroxyl 
ions with barium sulphide.® A method of preparation for commercial 
use by the hvdrolysis of tribanum silicate, or, more probably, an inti- 
mate mixture of one molecule of metasilieate with three molecules of 
hariuui earliymite, previously obtained by the fusion of harmm carbonate 
wuth silica, has been described.** 

TIk' heat of formation of barium liydi oxide from the oxide and 
water is ('al.** It is an amorphous while [low'der of density 

4’ and it melts at .325® A high tenn>era(ure is leijiiind to de- 
hydrate the hydroxide. The foilow'ing \ allies ha\e been loiind Ibr the 
vapour jnessu re at dilTerenl leinperatures 

Temperature, 6.30 670 710 710 780 820 870 010 051 008 

Pressure, mm, llg 0-2 17*1 .31-5 ,55 02 UO 2.3 1 .355 526 760 

Under the iiillueuceof the cathode rays, barium hydroxide lluorcsees 
a bright oraiige-yellow.^- 

Tiie heat of solution of barium h;ydroxide is 11 -10 Cal.*' It is more 
soluble than eitluT strpntmm or ealoiuni hydroxide, and its solubility 
mcrcaxe.s considerably witli temperature. The solution is strongly basic. 
The follow’ing \ allies for the solubility have bi'cn found : 

'remporaiuie, T. . , 0 11 12 111 21 30 41 54 (54 70 77 80 

Orains hydroxidp, as BaO in 

100 grams water . . 1-5 1 8 2 4 3 U 3 0 .l 0 7 (5 14 0 23 8 31 1) 70 0 90 77 

The densities of liarium hydroxide solutionsd^ and the electrical 

' Zoniwilmoft amt Mm OstmimsslciiNky, 1911, 44, 24()2 

» Muller, J. piakt dhfim,, 18(51, [1], 82, 52, StahNclimull, Dinyl pohj J., 1841, 82, 
30 ; du Mntay, ibid-,, 1872, 206, 333 

‘ Ziomo^ynski, ibid , 1883> 248, 249 

* I’attinson, JSer,, 188G, 19, Ret , 124, 325, .">1(5. 

'' Leplay, JJiTiyl. jmly. J , 1884, 254, 436 

*’ Fcdotiell and Woizei’, Zeitbch anonj. ('hem., 1914, 86, 325. 

’ Brocket and Ranson, Compt. nnd., 1903, 136, 1196, 1258 ; Marino and Uigli, UazztUa, 
1913, 43, u, t. 

* Deguide and Baud, Compt. rend., 1922, 174, 1177. 

* de Fororantl, ibtd., 1908, 147, 165. 

« Filhol, Am. Chim. Phys., 1847, [3], 21, 417 

Johnston, Zeitsch. pkye^^l. Chem, 1908, 62, 330, see also J. Atner. C'Aetrt. Soc., 
1908, 30, 1367. 

(Irookes, Proc. Roy. Roe., 1881, 32, 206. 

Bosensthiol and Ttuhlmanu, Juhie'tber., 1870, 314 

Kohlrjkuseh, Wied Anjiakn, 1879, 6, 22. 



* conductivities of dilute solutions,! and of coueentrated,* lui\e been 
, determined. 

The solubility is considerably diniuuslied bv alkali JiN'droMties, 
and to a less extent by ammonia. It is also (ieereased b>' iianum 
chloride, but increased by barium nitrate, probabl) thnnjirJi Uu' 
formation of a com})lex ion.» Acetone < and alcohol * decrciiM' Mie 
solubility. 

On elect rolysinjr a barium hydroxide solution, less oxy^ci^is t volved 
than is equivalent to the hydrojjen lormed, probably owin^i to tlu‘ jiro- 
duction of barium peroxide or hydrofjcn jieroxidi'.® 

Carbon disulphide reacts witii barium hsdroxide solution at ino C., 
forming barium carbonate and h) drosulphide.’ 

Hydratefi of Barium Uydumdc. .S<‘\eral hydratt's of barium 
hydroxide have been described, but the existence of these has not in 
all cases been confirmed. At low tenqicratiires Artns obtained (be 
hydrate Ha(Oll),. 161120.“ From solutions at ordiiiar\ tiinjuTaturts 
the octahydratc crystallises out." The formula-, 1^(011 l.-TlljO”* and 
Ua( 0 JI) 2 .bir 20 .” have also IxTii assi^nied to the compound tliiis obtaitu'd. 

The octahydratc may form monoclinic or tetra^fonal <‘i\stal^. the 
latter bein« isomorphous with the correspondin'; strontn in eo’mpouiid.'- 
The densitx is 1 and the Tieat of solution --1 1- .j Cal At 7cS ( , 

it melts in its water of crystallisation, and if tin tiaiqierature lie raised 
it boils at 106 As the waiter evajiorales, the boilmj;- point rises to 
lOlC C., at which temjierature it remains constant, wliilst lari;(‘ bnJliimt 
rhombic cr\stals of the tnhydrate separate out. From vapour ])r(ssure 
measurements, Lcscanir concluded that a compound, aUu(()ll ) 2 .lOll 2 (>, 
probably existed.^^ This is no doubt the tnhydruic. The lustri* rapidlv 
disappears on exposure to air, and m dry air the crystals elllon-see, 
lormmo the monohydrate, lly heating the .solution in equilibnuip witli 
the triliydratc to a still higher temperature, a wliite crystalline powdi-r 
of the monohydratc is formed.^* The latter is also olitaiiied from the 
octahydratc b\ dryung iii vacuo or by heating for some time in a current 
of hydrogen at 15° C.,‘‘ oral SO' C.‘’* The licat of solution is 7 (Ki Cal.^^ 
The monohydratc is changed to the hydroxiile by heating in a current 
of hydrogen above 90"- -95" C.‘“ 

' Ohtwald, J piukl I hi'iti , 18SU, (i|, 33, y.!?. 

® Kohliauitli, W ltd Anixilev, 6, 22 

’ Parsons and Corson, ./, A nier Clicni Xof , 1910, 32, i;i8.1 ; Harkins, tbid , 1 IM 1 , 33, 1 857 . 

* Herz and Knoch, ZeUsch anonj Chem., 1904, 41, .‘J15 

’ Bockinann, ./ praU ('he.m, IHSll, |2|, 27, 138. 

* Dutcr, ('vmpt tend , 1887, 104, 3.54. 

^ C'hancel and l*arni«ntu*r, ibid., 1S84, 99, 892 

® See Bauer, ZfttecA nru^rg (’Aew , 190.5, 47, 401 , also .Tolmstnn, phthiknl 

( 'Item , 1908, 62, 343 , 

* llpckmann, for < K, ; ./ ah re ibci., 1859, 131, Ltweewur, .Inn. ('htin Phui 

1890, [0]. 19, ;59. 

Muller- Ei/bacli, Ihr., 1887, 20, 1028; 1889, 22, 3181; Filhol, J. Phana. (Jhm , 
1846, [3J, 7, 271. 

Borthelot, Jakresber , 1873, 79; Andre. Compl rend.. 1881, 93, 58; a^e Beckmann, 
he. cit. 

Bauer, loc cit. 

’* Filhol, Ann. Chim Phya . 1847, (3j. 21, 415 
de Forcrand, loc cd. 

Bauer, toe. ciL ; Zeiitch angew. Chem., 1903, 16, 34 * 
liCSciBur, Compt. rend., 1883, 96, 1578. 

” Vcley, Trane. Chem Hoc , 1886, 49, 371, 
de Forcrand, loc. ciU ; 800 also Lesuoaur, he. cit. 
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The iiiouoliydratc will coiiihine witli carbon dioxide at lairly low 
temperatures, lait a sli«»lit i xcess of water is apjiarently necessary.^ 
From vajMUir jiressure measurements Mullcr-Krzbaeli eoiieluded that 
a dihytlrate can exist at lO) 

Jiarium oxide forms eomjKnmds w'lth methyl ^ and ethyl ‘ alcohol, 
and also with other alcohols, such as glycerol and mannitol.^ According 
to de Foreraiul these are not true aleoholates, but addition eompoiuids, 
tor e\am})le, 3liaO. tCTl^OlI and JtHaO. K ^Il^OIl.'* In a([ueous methyl 
alcohol a liydrated eompoimd IS foi med." 

II ethyl alcohol and a little water be added to a methyl aleohohe 
solution ol barium oxide, and the s(»hition be slowly evaporaled in vacuo, 
aeompound, lia(()t'II separalesout intransparent needles. It is soluble 
m water, shghtl^ soluble m ('I hyl alcohol, and insoluble m etheroi aei'tone. 

Litre's of JlianiuH IIi/dHuidc.- Jiaiium hytlroxide was foimeily used 
in the beet and cane sugar industries for separating otherwise im- 
cryslallisable sugars b> piei'ipiLalmg I lie suerate and then decomposing 
it by eaibon dioxide, Iml this [iroeess has now been abandoned,'' 

It IS also used as a depilatory m tanning, m the whitt* pigment and 
dry colour trades jbr the manufaeture ol permanent white loi e\ain]>le, 
and ibr the s(i"ti‘nmg ol waliT for industrial pin poses.*" 

Barium Peroxide, BaOo. Thenard obseixed that baiium oxide 
absoibs oxygen [irobably eipial m amount to that w'hieh is aliead\ 
present, ami lorms a peioxide." The late of reaction is praetieallv 
zero at ordinary tenijiciatiires, but reaelu's an a|)preeia))li‘ \eloeil> 
above UKh t'. At the .same time, however, since eoinbm.ilion with 
oxygen II, aeeompanied bv an evolution of 1*2 I C'al. ]>er grani-moleeule,'" 
the teiideiiev to dissociate again into barium oxide and ox>gen is in- 
creased, and an increased jiressuie of oxygen is, therefore, neeessar} to 
bring about eoin[)lete transtormation into peroxide. Thus, bv h(‘ating 
the oxhde alternately at a lower temj)eralure, and then at a higher one, 
in air, it was found possible to use it as a means of sep.iraling oxvgen 
from the air. It was observed that the react. nils must not be absoluteb’ 
anhydrous, but that at the same time the amount of water jiiesent must 
be small.*'* 'J'he process was inodilied b\ Brin, who kept the teinperaturi' 
constant and alternately raised and lowered the })ressuie.' ‘ The air had 
to be previously purihed from carbon dioxide and organic matter, and 


^ llc'ckm.iiui, ctt. , Sehoiblt'i , />(/ . 
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a porous oxide ^^{ls ii('(“(‘ssarv. Rriu’s proci'ss f*)!- ()])tainm^ lias 

iioAN btrii siipd'scdecl 1>\ air-ria(‘tion.dion met hods 

Recent moi!s on the ealahlie ae<‘('ler.d loiuof the teaelioii l)\ \aiioiis 
oxides, for exanijile eopjiei, /me, eadmmm, ma»nesmm, ealemm, silieon, 
antimony, bismuth, uraminn, timj^fsttn, and moKIxiemim oxides,* has 
suggested the jiossible reM\al of the Rrm jnoeess midei moie fa^omable 
(‘onditions of teniperatnnx- Some oftheoxah's menlioiu’d foi m stable 
salts witli barium, an<t would, then'ibre. Ix' unsuitabh* for liominereial 
purposes, as tlu'V \\ ould no doubt soon put t he barium oxah' out of act ion. 

Harniin ])eroxid(‘ is a wlute |)owder, stable uudei oidmai\ e(u\ditions 
il anliydrous, and protected from eaiboii dioxide •* il nu'lls al blight 
red heat witli the e\olulion <d'o\\gtn ’ When healed with h\diogen, 
wate r, sulphur, carbon, carbon monoxahx sulphur ehoxide, oi ammonia, 
it IS reduced ■’ Jiv heating with ehloimi,'* oi lodme,' the ox\geu is 
lejilaeed by the halogen With eoneeiilrated sulphune acid al oidm.irv 
teinperatiiKs o/.onised ox\g(‘U is gi\en oil '' \\ilh dilute' h\ elmehleuie' 
acid, h^elrogen pe'reixide is huiiied auel ox\ge‘u with e-oueinliale'd. 
Uotassiiim fe ine-vamde is le'elueeel b\ baiiiim |»e'ioxi«le, roimmga double' 
potassium baiiiim feiieie'vaniele aiiel fier ox\ ge'ii, auel this leai'hoij mav 
lu'iise'el as a nu'iuisofesliiuating b.iiium pe mxiele' '* Will loimaleii hvde, 
barium formate' auel luelrogeiii .ire* piodiie-e'el lt\ he.ilmg to lediiess 
with jire'e'ipitateel me-tallie* geilel a biighi gu'cn mass is obtained which, 
on t n'atnie'iit w ith w'ate'r, gi\ e‘s a soliil leiii of barium aural e , Ra( \id) ” 

The disseieialion pie'ssures eif baiium peroxide Ibi elilfeieiil leiii- 
peTatures weie' lirst mve'sligatt;el b\ la* Uhale-he-i *- Tlie* ehllie iill v of 1 he 
eletei minatiems is niue'h enhaiu'e'el bv the' fait that a soliel solution of 
liarium oxide' and jH'roxiele is forme'd. so that the piessuie* al au\ one 
lemperiitiire will be lulluenee'el b\ the' |Mopoilions of Ihe'si' two pre'senl. 
and, further by the iiee'e'ssily for the piese-iu'e' of water \a)K)ui 'Plie 
dissociation has, howe‘\e'r, be'eii eare fiillv sliidii'd b\ llildebianel '• As 
alre'ady state'll, a small amoiinl of wali'i is neeessarv as a e'ataivsi. 
Afti'f some of the peroxiele has be'i'ii elee-omposed. baiiiim Inelroxieh' will 
therefoie be' pii'sent. Kxpe'iimeiils on llie* vapour pie'ssuie' of baimm 
hyelroxide' elo not iiielii'ale' the' loimatioii ol ,i se>hel soluliou with the' 
oxieie,* ’ and tlu' same is piobabh h iie of t he' jieroxiele* auel h\ eho.xiele' 

Starting fioiii the* jH'ioxide', the* s\slem is al lirst eln.iManl There' 
arc thrc'c eompoiients, wale*i, baiiiim oxiele*, auel oxygen, auel Ihre'i* 
phases, barium liydroxide*, an unsaturateel solid solution oi barium oxide 
in barium peroxiele', anel the- gase'ous pliase e'omfiose'el of oxNgen auel wate'r 
vapour. Therefore there aie two ele-grei's of Ire'i'iloin. ,\l any one 

1 lf<>(l\«IJ. ZfUtsrh oiioiij (’him, 1!MS 104, Kst, ir(''l\.ill .iml mui Zwe ihul . 
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^-temperature the oxygen pressure will vary with the eoucentration of 
' the solid solution, whieh will depend on the [)roportiou of banuni peroxide 
deeorujiosed. Wlien about oue-third of the peroxidi' has been decom- 
posed tlie barium peroxide^’is saturated with barium oxide, and the system 
becomes monovariant owing to the appearance of a second solid solution 
of the two, thus making a fourth phase. The composition of the two 
saturated solid solutions may vary slightly with varying temperature, 
but at eoivstant temperature will remain (‘onstant, although the amount 
of the second solution will increase at the expense of the first as the 
proportion of barium peroxide is diminished. The point at which the 
system becomes moiiovariant depends on the amount of water present, 
and hence on the amount of barium hydroxide whieh will be formed. 
The system again becomes divarianl when about }>cr cent, of the 
peroxide has beem decomposed. 

The conditions necessary to produce 100 per cent, barium peroxide 
from barium oxide were studied. Oxygen of definite moisture content, 
which was less than the vapour pressure of barium hydroxide at the 
leni])crature under consideration, was passed, under slightly more than 
one iilinosphere prcvssure, over barium oxide heated to a delinite tem- 
perature ill an eleetrie oveu. Successive ccpial samples wer(‘ acted U})ou 
for c(jual times and the product analysed. Similar experiments wen* 
carried out with air. The following results w’cre tibtaincd : - 


IVmpetatiuc, 
Pct('<‘iU«go HttOj, 
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Witli sulbeient water present to give tlie vapour pressure of barium 
hydroxide, and sulbeient barium oxide to produce the monoNariant 
system, the following values for the jiressure wm-e obtained and eom- 
])ared with the values ealeulated from the e»|uation 
tiS-W/T-hl-Tr) logiJ f 

where is tlie absolute temperature and p is expressed m mm. 


Temp., 

Prt'ssure m mm moiourv 

Dhsmvtsl. 

(’ak'iilatisl ' 

Aqueous 

VrosHiire 

Oxygen 

Prexsiiie 

iUO 

2 

2 98 



f)l‘8 

18 

19 1 

7*8 

11 3 

«55 

41 . 

41-4 

13 7 

26 8 

697* 

91 

93 6 

26 3 

65 4 

737 

193 

191 

47 

]41 

794 

479 

488 

98 

378 

835 

871 

893 

139 

718 

853 

1128 

1156 , 

195 

987 

868 

1401 r 

1426 

281 

1160 


' Those have been reoalculatwi from Hildebrand’s formula; there is apparently an 
error in the original calculations 






are all lower than Le Chntelier’K vnliies. The heat of ('oinhination 
' of barmin oxide and oxyjjen ealeiilatid from these uMilts is IS 71 (':il 
per grani-moleciile of j)ero\'ide. TIk* disajjroement with llerlhi'lot’s 
value, 12-] (’al., seems too larjje to be aeeoiintfd for bv the formlition 
of solid solutions. 

Ilifdrates of limium -Anhydrous baiiiim peroxide (‘om- 

bines with water with th(‘ evolution ot J)-l Cal of heat per urrnm- 
moleeule.^ Tlie oetaliyilrate, HaOj.SlljO, in peailv plates, is Jormed.'^ 
but the formula' llaOo.lOlI^O and TllgO have also bi'en assi^rned 
to it.^ 

When barium peroxide is obtained by preeipitation of baimm 
hydroxide solution with hydroj»en peroxide, the oetahydr.ite is al\\avs 
formed at ordinary temjieratures if less than one moleeule of hydionen 
peroxide be present per moleeule of h\dr(»\ide. and abene (>()’ what- 
ever the eoniposition of the solution.* .lanbert patented a‘proe(‘s> lor 
obtainin" hydrated barium jieroxide b\ lixiviating* barium sulphide with 
boiling* water, eoolinji to ‘Ja"" .‘10 ' and ad<lm|* sodium peroxide m cold 
water. The barium peroxidi' separates out in scales whuh mav la* 
liltered, washed, and pressed.'* 

The oetnhvdrate ellloiesees on exposure to air, and eaibibaite is also 
formed.'* , * 

llerthelot mentions a monohydrati*, heat of h)dration Tt Cal.,’ but 
it IS probably the peroxy hydrate. 

Uarmm |)eroxide may be estimated lodonietrieally by addniLi 
potassium iodide to a liviiroehlorie aeid solution oi llu' compound and 
titratiiiff the liberated iodine with thiosulphate," or bv titratm^^ with 
pemianj^anate a hydrochloric acid solution to which a C(>MSiderable 
quantity of maiiifanoiis sulphale solution has aflerw'urds been added.'* 
A sul]ihiiTic acid .solution cannot be employed, because the ])reeipitated 
siiljihate carries with it a Uir^ji' qiianlitv ol peroxide which esea|)es 
reaction.'" 

Hnruim jiei oxide mav bi* used for bleaehmj* purposes, but its ehiel 
use IS 111 the prodiiclioii of hydroiren peroxide bV deeomjiosition with 
an acid. 

Barium Peroxyhydrate. lU the action of liydrof^en peroxide on 
the crystallised ])oroxide, or of more than one equivalent of h\dro^*rn 
peroxide on barium hvdroxide. or of Indroj^en peroxide and ammonia 
on a barium salt, betwccii and (H)‘ C.. barium mono|)en)xybydra1(\ 
Ba()2.H202, IS obtained m moiioeliiiie crystals." At room tenqieralure 
it soon becomes yellow wallioqt evolulion of oxy(?cn. then oxyjjen 
begins to escape, and after four or five days, wlien half the a\'ailal>lo 
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oxy^^cii lias yellow eoloiir ilisap])ears. At 50”- 00” C, tlcconi- 

positioii takes plaee iti a lew inimites. The readioii is iirohably as 
follows, with the jiossihle inti'rinediate formation of a moiioliydrate : 

‘illa()2.Il,02 2lta()2 [ ‘illaO t Oa- 

The heat of formation from harinm ]K‘ro\ide and hydrojrcn jieroxide 
IS 5 1 Cal.' l)e Forerand Mip])(>sed the eonipoiind to ha\(‘ tlie structural 

' /() Oil 

formula Ihi' 2 

^0 011 

lly the aetion of an e\e<'ss of hydroiren peroxide on a cooled 
harinm salt solid ion and piveipilation hv ammonia, a dijieroxy- 
hydrate. UaOo ‘Jl is ohiained.-' 

Barium Tctroxide, BaO,. Sehone sii^f^ested tlial th(‘ yellow' 
eompoiiiul, which is ohtaineii Irom tlu‘ monopero\yh\ (hate without 
(‘hanj^e of eom])osiii()n, ])rohahIv re])ivsenls a Inifher stale of oxidation 
than the i»ei'o\ide.‘ 'IVauhe and Sehul/.e ivgard il as a letroxide, and, 
as L'l the eaj>(' of lh(‘ calcium Iclroxide, supjiose it to he eoinparahle with 
the polysulphides, thus WTitin^i its formula as BaO^.O v'* 'I'hey never 
obtained samjiles eontaimnpf mote t'lian <S p(T cent of tetroxide, hut 
these were of a rather intense \ellow'. indieatine lhat the pure substance 
would ju’ohahly he very dark. A fairl\ In^di lemperalure is lU'cessarv to 
destroy the colour completeh . As 111 the ease of ealeinm tc troxide. no 
otlier means of oxidation than hvdro^n'ii peroxide can Ix' used 


lUHirM AND SULPfirU 

( 

Barium SulphUlo, BaS, mav lx* formed hv the aetion of sul- 
phuretted hydrogen on I lie ludroxide at <S,> ('.. w ith suhsepueni iieatiiig 
111 livdrogen at 200 on barium carbonate at nal heat, or, linallv. 
on lh(' snijihate at 1200' (‘ . in all Ihrcr eases cooling in ludrogen." 
It may also he obtained h\ the action of carbon disulphuh' on bariinn 
carbonate.^ 

BaC'O, ! 2C’S2 BaS I ;K’0 [ :tS. 

I’olysulphides are alwass foimed in this ease, but mav be reduced 
to the sul|iiiide In heating in a current of hydrogen. 

I'he method employed for the tiX'hnieal production of barium 
sulphide IS the reduction of barvtes liy carbon or reducing gasi's The 
sulphide thus formed is the starting-pomt for the production of all other 
commercial barium coni])ounds Laboratory tests indicate that a high 
tem))eratur(' for a short time produces a more satisfactory yield than a 

^ lieithi'lot. .-I«M ('hw /'Av-i . 1S80. |.)|. zi, 153 . hco alsu (l« Fnro rami, Co rrarf , 
1900, 130, 778. 834 

“ rlc Fortraiiil, xbui., 710 
Uu'senfold and Notteboluu. loc nl 

* ydumc, Annnlnt, 1878. 192 ^ 283, m'i* aim* KammcNbriK, lin . 1874, 7, 542, de 
Forerand, ('ompt rend., 19IMI, 130, 831 

' Traid)r and Sohul/o, Vlf* , 1921, 54B, lf»33 
r •• V(‘ltw , Ttann Chem Htx , 188(>, 49, 369 
’’ Fabatinr, .IwH, Chivi Phij<t , 1881, 22 , 6 

Sehoni*. Potjif Annalen, 1861, H2, 193 
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low tcmporsitiiro prolonj^od lu‘ntill{^^‘ (lood nsulls arc ohlaiiu’d 
with 15-10 ])cr cent, of carbon in inn Hies at 1000 1 100 C.' 

Jhiriiini sulphide as usually oblaineil is a {^reush A\liite amorphous 
powder, but after fusion in the electric lurnaA* it torms cubic (‘r\slals 
of density t 25.® The heat of formation is 105 2 t'al.'‘ 

On exposure to air it turns vi^IIoaa It is not reduced In h\ilrojfen 
at 1200' ('., but is readily attacked by halo^fcn.s and is eom])l('tel\ Iraiis- 
formed into the suliihate by o\>j?cn at hif^h tem|)eratuies 11 l.■^atla(•lv( d 
by gaseous acids in the cold. Carbon decomposes il at the lempi laliiie 
oi' the electric arc formin'^ the carbide.* 0\idisiiii( aj^eiits reael amHi 
mcandesceiice. When it is heated in water Aapour. Indio^m and 
barium sulphate are formed.''* It is attacked bv eiuicentraled mtiie 
acid with mcaiuh'scence, and reacts with phos])lionis trichloride lonmiiii 
barium chloride and ])hosphorus tnsul])Jiide ** On heatmii with an 
eipial (piantitv ol barium chloride il loims an ojiaipie reil mass ■ 
In ffcneral, tlu' cr\stallised sulphide is less leadilv attacked Ilian I he 
amorjdious.® 

Hanum sul|)hi(le is readily soluble m wal(r with Indrohsis, lormiiie 
the liydroxide and h\ drosulphide.” Tlu' lu'al ol solid ion is 7 .'{ ( .il,'* 
If the aipieous solution be eoiieenli.ded m I'dcuo in lla^piesinee ol 
free' sulphur, a hvdr.ited suljihnld, llaS.tlll^O, ervstallisimx m he\a;,Mn)al 
])lates, isobtainecl '* When slowh healed ifloses water liel ween 100' and 
;i00' (' , and tlien sulphuretted liydroneii and sulphur. 

It IS insoluble in alcohol. 

A dark nd double barium nickel siiliihide, HaS l,\iS has been 
olitained * 

PhusphuU'.sccnt lid) turn Sulphide llarium sulphidi', imo* r the name 
of Holoj^man jiliosp horns." was the lirst of the alkaline eaith sidphides 
m which the jiroiiertv ol ])hosphoiescenee wasobsei\(d Tin (*on- 
ditions affeetiiur the iihosphorescenee of thi'se sulphidis ha\e aItVadv 
been discussed under calcium .sulphide. 

Barium Ilydrosulphide, BafSII)®, is Ibrnu'ii b_\ passmi' sul- 
plmietled ludrojren into a salinated baiiiim h\dio\i(le soliilioii at 
(iO 70 , and Ihen cooliii}*,'® or b\ dissohm^ barium Mil|*hid(‘ m 

sulphuietted h\ drofrcii water. B\ <'\aporalion of the solution lu 
xdcud in tlie cold, or by pr<‘Cipitalion with alcohol, white, opiupie, 
needle-shaped cr\.stals are obtained containm^^ f moh'cuh ,s of 
water. Ba(SII).i tlloO.*® When heated in hydro<ren they losi water and 
a litth* Milphurelted hydrogen aboxe 55 ( Imt A\heu the .sulistani'i* 
Is dehydrated its stabilit} is increased. Il is onl\ at red heal 

’ Wells,./ Ind Emj r/a»i , lt)U}. 8 , 770, msi also M-mikil. I^i/i Chdh /*/e/y , IH'.l'.l, 
|7|. 17, 517 

'■= Mnuilot, /or <d . Compl und, IHDH, 126, 1)43.^ 

' (le Korciaiul, Ann ('him Phi/s , 1011. (h), 24, 272 
> .Mourlot, /or ul , (;av-Lus.sar, inn . IHl.'l. 1 1 1, 85, 100. 

^ Rennault, .4Hn ('him Phji , IH30, [2|, 62, .W. . Loiitli, Hull ihim ISO!,, |2|, 

5, 

® liHiidriniont, .‘tnw (.’him , 1804, |4), 2, 2(1 
■ Heithjer,i/)M/, lS:iO.|2|,43,3it). 

Rtjsp, i’or/c/ .!«««/( rt, 1842, 55, 415 
* Sclionc, Pvgq. .liiMfl/fW, 1801, H2, 103 

>» Rellucci and Rellucci. .1//* H Atfud Lmat, 1008, (.')!, tjfi, IS 

•= Veley,* TroftJ Chem So( , 188(1, 49, 375, Fischc'i and Raske, iPr , 1008. 41, 804 
” Rose, Ujc cit ; see also Bertliollet, Ann. ('him , 1798, |1 j, 25, 241 
VOL. 111. : I. 



^that sulphuretted hydrogen is eoinplelcly eliniinaled and barium sulphide 
formed. 

Solutions of barium h} drosulphidc have a eonsiderable partial 
pressure of .sulphuretted ^liydrogeii. Determinations of the solubility 
in water between - 15° C. an.d 100° have been made in elosed tubes 
to ])rcvcnt tlie escape of sulphuretted liydrogen.^ 

Temperature, °C. . . -15 0 20 10 * 60 80 100 

Grams lla(SJI)2 per 100 

grains solution . . 32 32-6 32*8 31-5 3G‘2 39 0 13-7 

Barium Poly sulphides. - linrium Trisulphide, HaS^, is obtained 
by heating barium sulphide with excess of sulphur at a temperature not 
greater than 360° It forms a yi'llowish-green mass, fusible at t00° L\, 
above which temperature it l(»ses sulphur, but it is only eomjdetely trans- 
formed into the monosulphuh* at dull red heat. In warm water it 
partially dissolves, forming a reddish-yellow solution which has an 
alkaline reaction and is reaclily oxidised in air.- 

liaiium Toil a sulphide, BaS^. - By boiling a mixture of barium 
sulphide aiursulphur with water, ^ or liy treating sulphur with a .saturated 
solution of barium hydrosul])hide,^ a'n(| exaporatmg, red (Tvstals of 
eompositioii BaS^-lIjO or 211^0 .separate in tin* form of rhombu' jinsms 
of density 3. By lioiling a mixture of barium hydroxide, sulphur, and 
water a deep brown licjiiul is obtained which becomes orange-red on 
cooling. By rapid evaporation, red crystals of BaSi-H./), mixed with 
sulphui'and barium thiosulphate, are formed. The mothi'r lupior con- 
tains barium and sulphur in the ])roportion BaSg, but this eompound is 
probabi) not obtained in the solid state,’ the solution depositing the 
tetrasiilphide and free sulphur. 

T^lie tetrasiilphide is more stable than the trisulphide. When heated, 
it loses sulphur at about 110° ('., and water and sulphuretted hydrogen 
above 200° C. At 300^ (’. it is decomposed into the trisulphide and 
sulphate. It dissolves in water to the extent of one part in 2*53 of 
water at 15° C., without decomposition, forming a red solution from 
which the tetrasulphule can be reerystallised. The solution is not 
decomposed by sulphuretted hydrogen.^ 

By evaporating a solution of the trisulphide, Sehone obtained orange- 
red monoeliiiie crystals showing diehroism, of eoni])osition Ba4S7.25lI^O, 
or 21II2O,'’ but he exjiressed doubt as to wdiether it was a eheniieal indi- 
vidual or an isomorphous mixture of the mono- and tetra-sulphides. 

No higher polysulphide appears to have been obtained. 

Barium Hydroxyhydrosulphide. — By extracting barium sulphide 
with water a solution containing equal molecular quantities of the 
hydroxide and hydrosulphidc is obtained. This is probably a solutior 
of a double compound, Ba(OII)2.Ba(SIl)2, or a hydroxyhydrosulphide. 
Ba(OH)(SH). By mixing concentrated solutions of the two constituents 
a compound is precipitated of composition Ba(OH)2.Ba(Sll)2.10H2O 
or, regarded as a hydroxyhydrosulphide, Ba(0H)(SH).5H20. The 

^ Torres and Bruckner, Zeitsch EkkUochetn,, 1920, 26 , 13. 

* Schonc? ^ogg. AnnaUn, 1861, 112 , 193. 

Veley, Trans. Chtrn. Soc., 1886, 49 , 369. 

Guiteau, Cortija. rend., 1916, 163 , 390. 

' Seo Geuther, Annalen, 1884, 224 , 200 . 




Ifnaxinium yield is obtained when about thirty molecules of the 
hydrosulphide are present to one of the h>dro\i(h\* Tlie pn'ssiive of 
^ sulphuretted hydro^i n o\er tliLs eompound is \er\ small compared with 
that over tlie liydrosulphidc. * 

The hydroxyhvdrosulphide may also lie formed liy the meom|>lele 
saturation of barium hydroxide with sulphuretted Indiojrcn. passm^r 
■ hydrogen Ihroujrh a solid ion of the hydrosulphide, or by Hie m-lion id' 
sodium hydroxide on barium liydrosulphidc or sul|)hide. It is^cMdeut 
that the latter cannot be used as a metlmd for the preparatmn of baniim 
hydroxide. Pure barium h\dioxid(‘ can never be crystallised I’loni 
solutions obtained by the action of watia* on barium sulphide.* 

The composition of solutions m (‘ipulibrium with the Iniluixv- 
hydrosuljihide at different lem))eratun*s has heiai delerniiiK'd.* 

Barium Oxysulphides. A solution of barium snlplude kejil for a 
lonir time pioleeted from the air deiiosits ox\ sulphides of vanabli' eom- 
posit 1011.2 ijy m-tion t)f sulplmielled h\droi»en on barium oxidi' a 
eompound or mixliire of eomposdion .‘iBaS BaO is obtained.' 

Barium Sulphite, BaS(),„ is pnripilated bv Hie action of an 
alkali sulphite on a solution of a soluble hanum salt.’ It is yiso 
formed b\ tlu' action of sulphur dioxide on a suspen^i m* of barium 
hvdioxide oi carbonate, or of siilpluir dioxitle on barnim oxidi' at L'tlO’ 
2.‘i()' It dissolves m sulphurous ai-id, from which it iims be iei‘r\stal- 
lised in eolourli'ss liexa^fonal prisms.” Bv healing the anh\dious salt 
it IS (leeoinposed into the sulphide and sulphate.* 

The solubilitN in watei is \ery small and dimimslies with rise of 
leinperature, 0(H5)7t ^^rm. dissoKim* m 100 «rrm. of whaler at 
and 0*00177 at SO' ('. The solubility is deereasi'd by (*ane sujiar at tin* 
lower tonijieratiiie, but at the lusher t(*mpeiatun* it is at liist 
increased, and then, with inereasiii|> eoii(*(‘ntratioji of siinar, is 
dee leased,” 


Barium sulphite is soluble in most acids. 

Barium Thiosulphate, BaSjOj, is prepared liy mixiii^r hot eoii- 
eeiitrated solutions of baimm eliIond<* and sodium thiosuljiliate and 
allow m^T to c'ool.” It Conns brilhanl white er\stallme jilates of a siKery 
ap|)earanee eoiitainin}^ 1 moleeuh' of water, which is lost at 100° 

It has a s[)ceilie heat of 0*10;i “ and a density of .‘M.) at 1S° C’.'** 
When heated out of eonta<*t with an it is de(*oniposed into a mixture 
of sulphate, suljihite. and sul|»liide.'‘‘ It is only shjj;htly soluble in water 
and piaetieally insoluble in alcohol. It may he used instead of the 
sodium salt for iodine titrations.’’* 


’ TencH and Bruckner, Zf-thdi lilt Litor linn , 1!12(I, 26 , 14 

* Rn.'.c, Pogg, Annakn, lS42, 55 , 415. 

’ Schumann, AnnnUn, 1S77, 187 , 311. ■ 

* Fourcroy and \'au(jut*lm, \nn Chon., 1797. |1J, 24 , 2.'K), Miispratt, Anii-nkn, J 8 U, 
50 , 273 , UohriK, ./ prall Chnn., 1 H 88 , [21, 37 , 232, 

* Rirnbaiirn and Wittich, Bvr , 1880, 13 , Ooi. 

® Rohng, loc cd. ; sco also Mmpratt, he rtf 

' ’ Forstor, Pogg. Aniuileti, 1808, 133 , 9t, 228; Mouixdo, Compt. rend., 1808, 126 , 420 

" Rogowic/., Zaftch Vtr, Deni. Ztuker-Ind., 190, ' 1 . 596 , 938; Wcmljorg, Hull de 
, IMwor de Sucre, 1897, 4 , 500. 

* Forattr, loc. cif ; Mutinan.ski, Zctljsch. anal. Chem , 1897, 36 , 220 

Utta, J. Vkem. Sac , 1870, 23 , 427. ' , 

" von PajKi, Pogg. Annakn, 1804, 122 , 410. 

» aarke, Jahrenttr., 1877, 43. 

’’ Raminelsberg, Pogg. Annakn, 1842, 56 , 296 ; Row, xbid., 1831, 21 , 410, 

“ Plimpton and Chorley, Trans. Chi-m. Soc., 1895, 67 , 314, 
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A double salt with bismuth, BaafHifSaOa)^].^, regarded as eontaining 
n eoni|)lex anion, has been desenbed.^ 

Barium Dithionate, BaS^O,, may be obtained by neutralising 
baninn hydroMde with Aithionie aeid, or by the interaction of manganese 
ditliionah' with barium h\dro\ide or sulphite. It crystallises with 
‘2 nioleeules of water ‘ m hexagonal plates stable in air,^ or with 1 mole- 
enles in ervstals similar to hea\y spar,^ of density JhOO at •24-.'5‘^ C.'’ 
It IS \>'ry soluble, one part dissol\ing m four parts of water at 
IS'' and in M parts at 100" forming a solution stable at 
ordinary temperatures. It is insoluble in alcohol. When heated it 
deeomposi's into water, sulphur dioxide, and barium sulphate.’^ Sodium 
amalgam, and also /me and hvdroehlorie aeid. reduce it to the 
siilyilnte.® 

It Ibi ins a double salt with barium chloride, BaS ,(),,. lia(’K. t il., ().“ 
Barium Trithionate, BaSjOf,, is obtained by neutralising Irithionie 
aeiil with bariimi eaibonale'^ and pieiapilaling by alcohol. It I'orins 
glistening leallets of eoinpositioii HaS^Oij.'ilLO.” A little is also formed 
by the action of sulphur chloride on baiium sulphite in susjiensiou 
in }\al('r.‘' 

The a<iheous solution readily decomposes when heated, forming 
baimm suljihate.''' ' , 

Barium Tetrathionate, BaS,0,i, is obtained m line needle-shaped 
ei’Nst.ds, eoiitaimng ‘2*’ or .*1'- molecules of watei of ervstallisation, by 
the action of tdrathiome aeid on an equi\alent (juantitv of barium 
aeetateand preeijulat ion with absolute alcohol ’ It is also formed by the 
aetion'ol sulphur diehloride on suljiliurous aeid, removal of the eliloiide 
and sulphali' In lead, saturation with barium hydroxide, and jueeipit.i- 
tion by alcohol." The crystals lose 1 inoleeule of water in vdcuo.^' 
Who'll iodine acts upon baiiuin thiosulphate in the presence' of a little 
water, or w'hen barium |)enlathionale sponlaneoiislv decomposes, the 
tetrathionate is formed. 

It IS decomposed at 100' 110" (’.. forming barium sulphate, sulphur 
dioxide, and sulpliui. ' Tlu'aepieous solution is stable,*’ but the alcoholic 
solution IS ra[)idl\ decomposed if aeid be ]>resenl, giving barium 
thiosulphate. 

Barium Pentathionate, BaS^Oa, is piepared by tiu' lu utralisation 
of pentatluonie aeid by baimm eaibouate, and prieiiutalion liy alcohol,’ * 
or by the action of suljihur chloride on barium thiosuli>hat(‘.'’ It forms 
srnail oblong rectangular })lates w'lth a tnmeated corner, containing *2 

’ ll.uiM’i, (inoKj . lao.t, 35, g 

* Fock imcl KIush. Jiei , IH90. 23, 3<Mll 

' V'l'ltei and < «a\ - bubsae, Chim , 1819. |2|, lo, 

* llceicu, Afinalf'ii, 1S2(), 7, 172 
'■ dark!', /in , 1879, I2, 1398 

« Otto, .l/uer/eit, 18(58, 147, 187 

’ Kessli'r, Annalvn, 18t8. 74, 274 

" Fordos and (lelih, .■t?jn (Uttin Phijs,, 1848, [3|, 22, 72 

* Spurn;, lin , 1873, 6, 1108 

See I'elo'u'/.i', .4/ui. Vhun Phjs , 1842, [3], 4, 85 
" Fordos and G61is, tbtd , 1818, 13), 22, 71. 

bowi'K, Trans ('/n m Soc , 1881, 39, 72 
13 VU*SS\, .iHH. C/tim 1847, [3J, 20, 102; Fordos and (lelis, loc. cit. 

t CurtuiH and Henkel, J prakt Chem , 1888, [2|, 37, 137 , U^wea. lor. at 
'3 Ia'iidif, Annalni, 1817, 62, 253 

’* bei^Dir, loc. at. , Fordos and (Jclis, Ann. Chim. Phys , 1848, [3], 22, 78, 
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or 3 ’ niolcoiilcs ot* waler. It is Ic-ss stahK* than tin- tctrathioiiato. 
On boiiifT licatcd below 100 iiaiiinn snl|)hale, sulphur, and sul]>luii 
dioxide are formed.' The watei ol l)\diation ma\ bei<‘j)lm‘ed b\ aleohol, 
the resiiltm|r eonipound bein^^ mneh mole stable I ban the liMlraled'sall. 
Hanum jicntatluoiiale is \(‘rv solulile m water. When boded, tlie m) 1 ii- 
tion gi\(“s sulphur dioxide. It is ieadil\ oxidised Iin ehlomu - 

Barium Sulphate, BaSO,, oeeiiis naturalh as the mimial luiiiffrs 
or licavif s'lxn. It was the first known id’ tlie compounds <>( b.uj^uiii It 
er\stallises m tlie ihombu' system and is usu.dK wtut<‘ and o|)a(pie, 
but it sometimes loims transparenl er\stals wliieh aie eoh)iiiless, or 
ha\(' brownish, "ri'enish. oi bluish shades The Imest sptemiens come 
from the Au\er^me, IIun«i;ar\, Bohemia, and (’umbeiland. A moim- 
elinie form ol' the naturally oeeunmu; eonipound loniid in (^inlue lias 
been deseribf'd.’ 'I’lie miiu-ral Inn iftnu'lc'itnw is an isomoijilions niixhiie 
of barium and slioritium sulphates.' The water of a chalk W(ll in 
Harrow has been (oimd to eontaiii barium siiljili.ile. ’ 

Barium sulphate may be jiiepaied h\ the pieeijutation ol a soluble 
barium salt with a soluble sulphate oi sulphiiiie acid 'rian' is no 
action irjiure sulphuiie acid lie jilaeed in eontaet with aiih\ dious barium 
o\id(‘, a little Wider IxaiiLi neeessar\ SpiiiiLt obtaiC' d it b\ eom- 
pressim* a mixture of sodium. sulphate and barium earbonati' under 
0000 atmospheies.’ 

'I'he jiieeipilated sulphate is amoiphous. oi composed of eisslals of 
iiiieioseopie diniensioiis. Laij,»ei er\stals ma\, howe\<i, la obtained 
b\ \ery slow pK'Cipitation m \ei\ dilute solutions;'’ l)\ heatmo tlu' 
pieeipitate m a seah'd lube with In (iioehloi le acid or so»lmm bieailioiudi* 
at li.'iO’C.;'' bv lusioii of potassium sulphali* with bai mm ehloridt',"' ol 
barium lluorale with eahaum sulphati' m pKseiiee of potassium ehloiide 
and sodium chloride," oi of baiium sulphate with baiiiim (‘hiorideal 
ll.)0 or with sodium sulphate at 1130 wliieli is simph (r\staThsa- 
tioii Irom a soKeiit , " and, linalh, b\ e\apoialion of a sulphuiie acid 
solution of barium sulphati' at, oi a htlle below, the boilm^-poiiit.^* 
Maiiross found lhedensil\ of t he er\ stallised product to Ik* l-ITf).'^ 
Aeeordinjf to \on Weiniarn, a siibslaiiee usually jiieeipitaled in th(‘ 
ei\\stalhiie state iiiav be obtained m the colloidal Ibiin under eoiidilions 
which diminish the solubihtv and tlius meriase the niinibi'r ol ei iilres 
of preei[)itation.^’’ Barium sulphate ma\, Iheielore, be prepaiid in a 
colloidal form by preeipitatmii fioni solutions e(uitaimn^ nielhvl"' or 

' Ia'Wo, Tin n't. Vhfin Stn , I SSI, 39 , 72 ' 

* FohIih idul ( III 

‘ L.ieroix, ('ouij)t uiiil, 18S',), 108 , I lilt, Imt m c Diuwi, Jw/o ./, Sfi , IS', Hi, 

39. 'd 

* (iiciliiiiaiiii, .liifiih 1//// , l!i2(). I, 1 
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'■ Kuhlinaiin, AnnuUn, IKIIS, 27 , 22 

’ Spiiaii, ISiill .S'fw. (film . 18S.), |2|, 44 , lltli, ISH15, |2j, 46 , 2'J!I 
(h> tjcliultrii, ('omp! innl . I‘M13, 136 , I tit 
" (Ic Srij.miutiit, Ann ('liiin l*lii/i , IS.OI, (,‘{|. 32 , IVt 
MAiirosrt, Ainiuli'ti, 18.V2, 82 , 301 , 
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'* MimruMs, lor. at , K-e also Selmxlei, f‘uijij Anntihii, ISoO, 106 , 226. 

^<)n Wcimiirn, Zeil^ch ('him Ind KoU , 1907, 2 , 70, 1908, 3 , 282; 1909 , 4, 2 >, 
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ethyl alcoIioV glycerol,® amyl alcohol,* or an alkaline solution of casein.^^ 
In the latter case crystallisation is probably prevented by tht* coating’ 
of I lie parlieles of barium suljdiate with casein. C’olloidal barium 
suljibate is also obtained by pieeipitating a very eoiieentratetl solution 
of barium acetate with aluminnim sulphate,''’ or with magnesium or 
sodium suljibate.'’ 

Tlie iiielting-jioint of barium sulphate is 15«<f at which tem- 
peralur/* partial decomposition also takes place.’' The specilie heat 
increases linearly from 0-1137 at 150° (J. to 0-1 180 at 10.50° C." 

'rhere is appan-iilly a transition point from j3-BaSO,, to a-BHS 04 on 
heating aho\’e 11 tif C. Strontium and barium sulphates are completely 
miscible in all proportions in both a- and j3-forms; barium and ealcium 
sulpliatcs are isoilimorphous, but the miscibility is at most 5 gram- 
molecules per cent, of calcium sulphate in barium sul])hate.“ 

Barium sulphate alone does not lluorcsce under the mtlucm-e of the 
cathode rays, but uill do so if a little bismuth be present. 

'Phe effect of reducing agents on barium siil])lu*te has already been 
describedd^ By fusion with alkali carbonates,^® or boiling with solu- 
tiovs of thc^lattcr, it is transformed into the carbonate.^* This reaction 
was Guldberg and Waage’s clavssic e^xample in their deduction of the 
law of mass action. When heated with ammonium chloride, barium 
chlorido is Ibrmcd.^^ 

The solubility of barium suljihate m water is exceedingly small. 
From electrical condii(‘ti\ity determinations Kohlrausch found for 
jirecipitated barium sulphate OOlttT milli-cipiivalcnts, or 2-30 mgm. 
per litre at IHH'., and U022() niilh-cipiivalcnts for the natural barytes.^’ 
The higher value for the latter may be due to impurities m the mineral. 
Meleher obtained the following \ allies at different temperatures : - 

Tenipcrature, °(’. . . 18 25 .50 100 

Milli-ccpnvalents per litre O-OlOO 0-0212 0-0288 0-0334 

By calculation fr6m tla- change of solubility with tciu])eratiire the 


‘ Yo^^diu Katf), J/< w VoH S, i liny A //olo, 1909 -1111(1, 2 , IM7, m'c ./ Clnin Soc , 1910, 
98, Abs 11, 850 

^ Itecoinn, Conipt nnd ^ 1908. 146, 1274 

'* von ^Vc■lnlaI II, ('him I ml A'o// , I5K)8, 3, 89 

* Koiliminii, 7Vnrc< Ftnndaif Sm , 1909, 4, Hf). 

■’ Huclmor, Chem Zvit , 1893, 17, .878 

« Sachcr, tbid , 1911, 35, 1417 

7 DooltJ! and Mohtowit,s( Ji, Zmlsch atwrg Chan , 1907, 54, 140 , sec also lloasaiiiKault, 
Ann. Ch%vi. 1807, {4|, 12, 424. 3> t-siiaj-olntioii fumi the freezing-point euivps 

of barium sulphate and sodium sulphato a melting-point 1345“ (t 18 indicated, sec (lalcagni, 
Atti K, A read. lAUcei, 1 9J 2, [4 1, 21, 1, 483 j 

* Laaehtsehenko, J. Phyn. Chetn, Soc,, 1910, 42, 1C04. 

* Oiahmann, Jahib Mtn , 1920, i, 1 

do Boisbaudran, ('ompl tend , 1880, 103, 629. 

’ ‘ SoG Oxide and Suljihide. - 

Moyeihoffer, Zatfsch. phymkal Chau, 1901, 38, 316; Parker, Trans. Chan. Aoc., 
1918, 113, .3oa „ , ■ 

Duloug, Ann. Chim., 1812, (l|, 82, 275; Rose, Jahresber., 1855, 273; Malaguti, 
^Inn. Chhn Phys„ 1857, [3|. 51, 340; (luldberg and Waage, OsUvald’s Klass , No. 10^ 
pp. 32 et seq. ( Engel man n),J 899 f 

** RO0O, .dnnafen, 1848, 74, 5()0. , 

« Kohlrausch, Zettsch. physikal Chem, 1908, 64, 152; i>eo also Holloman, ihid., 1893,^^ 
12. 130. 

.Mulshcr, J. Anier. Chetn. Hoc., 1910, 32, 56. 



heat of solution is --6'0 Thomsen, from jirts'ipitaiion data, 

deduced the value, 5-58() Cal.- 

Ilifjher \ allies for the solubility haw been obtained owin^ to super- 
saturation. According to llulett, the soliibiAty depends on I he’ si/, e of 
the solid particles in eiimlibrmm with the solution. Hy grinding so 
lincly that the diameter of a particle is less than O'OOl iiiiii., the solubility 
may reach M5 mgm., or OtKioj milh-equivalcnls per litre at lirC C., or 
with barytes G-18 mgm.‘* ^ 

The solubility is reduced by salts with a common ion, including sul- 
phuric acid if dilute.’* Other salts ♦* and acids increase it. 'I’lie effect 
of nitric and hydrochloric acids is shown in the following table ’ : - 


Cf uoiilamiiii' 

Ituiuusu lu iSolubilitv at 20' C m iiigiu 
BaSOj |)oi iuilli-ei(iiivnl(>nt ol Aunl 

1 milh-i'iiiiixiiiciit 
of Ai id 

- - - 

IICI 

UNO, 

0 2 

0 017 

n 

0 5 

• (MKm 

0 OK l< 

1 

* 0 0S.S 

0 10(1 

2 1 

i 

0 1;«) j 

0 i;i7 


The solubility is ineri'ascd in 10 per cent, hvdrobroiuie and hydnodic 
acids, and m iiictaphos|dione acid solutions.'' Haiinm suljiliah’ is very 
soluble 111 eoiicentiated sulphuric acid, '‘'and also to a considerable extent 
in hydrogen [icroxide." The latter fact has a bearing on thi’ pri’paration 
of hydrogen jieroxidi'. • 

Owing to its insohibilily barium sulphate is used in qiiantitatiw 
analysis for the eslnnalion of barnini or sulphate, and the ^■onditions 
necessary for satisfactory jmeipitation have bu-n studied by nunierous 
imestigators. The ehiel soiireis of error are naturally the increased 
solubility of the jirecipitatc due to the presence of other substaiurs in 
solution, and the adsorption ol foieign substances by the precipitated 
sulphate. 

Ihirium sulphate has llu power ol precipitating colloidal stilntions, 
for c.xamplc colloidal gold or arsenious suljihidi*. The action is 
nicchamcal.*'' 

Barium sulphate alone, on account ol its slight solubility, does not 

‘ .Mull her, J. Ahttt. Chttri. Sot , 1 51 10, 32 , .m 

2 Tliomson, ThermorhemisUy ^ l.oii({nmus, (Irueii it Co ), lOUH, |>|), 1 17, 1!K, 

^ Fresenius aiitl HmU, Zeilsch anal Vkan., 18510, 35 , 170, sue Kuntur, 7.viU<h anoxj, 
Chem , 1896, 12 , 261. 

* Hulett, Zettech physilcnl Cfiem , 1901, $ 7 , 396 , 1904, 47 , .ir)?, 

Karayglanow, Zetkeh anal. Chem , 1917, 56 , 227 

® Frop«, Am 4 r. Chem. J , 1902, 27 , 288 , Frdnmim, J. jnakl Clam , 1858, 1 1 J, 75 , 214 ; 
(lutkowaky, Ber , 1872, 5 , 330 ; Karai>glaiiow, h< cil ^ 

^ Oatwald and Hantlubch, ,/ prukl w»., 1881, [2J. 29 , 52, 

“ Haslam, Chem. Sev'% 1886, 53 , 87 

* Erdmann, he. tit , Suhmui, ,/ jnakt Chem , 1858, Jl|, 75t It*' 

See Acid Siilphatt's 

>' Gawalowski, Cltem. Zentr., 1906, ii. 7 
iSeo Quantitative E^itimatioii irf Barmin 

»» Vaiiino. Ber.. 1902. 662. Vain'no and llmtl. tbai., 1904, 37. 3620.^ 
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go througli the same setting and hardening ])roeess as ealeinm sulphate, 
but lianleniiig may be elTeeted by mixing hnely divided barytes witli a 
10 per cent solution ot alinmnnim, iron, or magnesmm ehloride, which 
acts by mereasing the soKibdity.^ 

Aeeoidmg to Tingle - there are three hydiates of barium siiliihale: 
lOJhiSO^.lloO, scjiarating from a hot neutral solution ; 10JlaS(),.2ll.,(), 
from a liol aeid solution ; and tOJlaSO j. tll20, fioni a cold aeid solution. 

Harm^i sulphate is used in the production of permanent white and . 
lithopone, and also for gla/ing and weighting ]>aper. 

Several double salts are know'ii, for exainjile HaSOj.SbSOi.Oll^O,' 
^HaSO^.-TTiSO,,,^ and HaS().,.Sn(SO.,)2-'m20-‘' The freezing-point curve 
of mixtures of barium and sodium sulphates apparently indieates the 
existunee of the eompouiid llaSOi-ONagSO,, but it lias not been isolated, 
and, from tlu' form of tin* eur\e. it is very easily dissoeiated.** 

Acid Barium Sulphates. - Jlarinm sul])hat(“ dissolves in hot eon- 
eentrati'd sulphuric acid, forming a golden-yellow solution whudi deposits 
doubl\ rc'fraeting, ne(‘dle-like eiystals of BaIl 2 (S (),)2 on cooling.’ It is 
readily d(“eoni])oscd by excess of w'ater, but in presence of a small 
ipiantity of water it forms Ball which sets to a hard 
mass if kept *jn a disieeator.'^ Tlu‘ same hydrate is obtanu'd in er\s- 
tallini' needles by exposing the solid ion* i() the air.” A sec-ond hydiate, 
BallolSOj).^.!!./), has also b(*en isolated. The anln (Irons eom|)ound 
IS (h'composed at about KiO" gi\ing barium sulphate. 

Wlien examining the solubility of barium snlphati' m sul|)lunie a(‘id 
at low ti'inperatures, Kendall and Davidson isolated the eomponnd 
BaSOpyll^SO,,^' 


Solid j)hasi‘, sulphuric acid * - 
Teniperatuii', . 10- 1 t)-l 
Molcebles per cent. 

BaSOi . . 0 (t'da 

Solid jihase, BaSO , dll^SO, : 
Temperature, "('. . .57 

Moh'eules pei cent. 

BaSO^ . 0-70 


(i d 

2 8 

8 2 

(i (i 

7 8 

2 12 

8 50 

5 !■() 

() 50 

0 70 

1) 8 

12- 1 

10 0 

21:) 

28 0 

7 05 

7 80 

8 01) 

8 28 

8 ■.5!) 


Solutions eoiitainmg 8 8-0 molecular pi'ieeiitage of barium snljihate 
depositi'd, on long standing, crystals which did not redissoh e at 2.V" t’., 
and which may hu\ e been BaUglSOi).^. The compound BaSO.i.tilloSO^ 
must, tlieiehuv, be considered as a nieta.stuble phase in this region. 

By ])assing an eh'ctrie eiirrent through a solution of barium sulphate 
in sul])liurie aeid it is found that barium migrates to the anod(‘, mdieatnig 

^ itolilaml, Zeilsch anonj Chem , 1901, 38, 311. 

® Tinglo, J Soc. Vhm Jud., 1918, 37, 27,'iU 

“ Kuhl, Zcituch, amng Chriu , 1907, 54, 2r)0 

* A\'fmliiiicl and Kulil, tbtd , 1907, 54, 2")3. 

® W'omland and KiihJ, Iln , 1900, 39, 29, "Jl. 

* Calcagni, A’tU Ji. Accad Iaiu<\, 1912, [41, 21, i, 483 

lloblaiid, ZoitecA anortj ('Arm , 1910, 66, 206 ; sre also (iaiMdr, CAr m Anrs, 187.7, 
31, 246; Soliultz, Pogg Annnbn, 1808, 133, 137 ; Borzi'lius, Anmihn, 1813, 46, 2.70 

" Kohland, lor. cit. 

i Schultz, loc. cit. ; ]iu/cliU8, loc. cit 

‘® Vokhon'^ky, J. Ku^/i. Phi/.'i Cficm Aoc , 1910,42, 1180 
Kenday and Davidfson, J. Avier. Chem Soc., 1921, 43, 979 
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that bariinii hydniRoii siilplmte is |)r()])ably to bo rroardod as a ooniplov 
acid of the foniinla JL[lhi(S(),) J.' 

Tlic {“xistcnco of a oonijdcx acid, Il.^Ba-(S(),)^, lonumn haimm, 
strontium, calcium, and potassium salts also j^ipoars to be possible.- 
Barium Pyrosulphate, BaS^O-, ma\ be loinicd b^ llu* actum ol' 
iuminjr suljihunc acid on barium sulphate at 1.50 b\ tiu' actum of 
excess ol chlorosuljihonic acid on barium sulphate, 

HaSO, i S(),IK'l- BaS.O, * IU’1.> • 

or })y heat mo toodlua sulphur trioxulc and b,iiiiuu sulphate in a 
closed tube.’ 

Barium j)\ rosnljihati' alisoi bs moist urc on csposiin* to air and i em ts 
\ i^orously witli water.' It do(“s not melt when lu'atcd, but ilcconipost's 
at a low red lu'at.' 

Barium Persulphate, BaS^O,,, ma\ bcolilamcd m solution b\ llu* 
action of |)crsulphui ic acid on baimni hulioxuh' Jl can be pia pared 
1)> ^rmdino solid l).uiimi ii\dio\idc mloa paste witli a satuiatcd .upicous 
solution of aninionmm ])cisul|>hat(*, dii\mc' oif most oT the ammonia 
b\ a cm rent of air, and the icst ni iv/n/oo\ci siilplmru acij, and l(♦mo^- 
in^r ('xccss ol' bai\la wilh carbop dioxide On (waporaimy tIu lilliate 
in vacno, small, ti.msjiaicnt, nfm-di'lupu scent, monoclmu* pi isms com- 
position BaSd)^. 1 II .0 {lie obtained. 

.\t 0^ ('. loo parts ol wjitcr dissobc .5‘J 2 jairts ol civslalhscd salt 
The solubilit\ mcicases lapidlv uitli ti'injiciaturc, but supcrsatuiatcd 
solutions aic c<isil\ obtained. Tiu* solution |Tia(lualK deeoniposc's and 
jireeipitatcs bjirmm sulpluitc. (‘sp{‘eiall\ il hcjited Tiu* soluf salt is 
lu'st prcsci'N ed m ii moist atmosphiie, but hcjit at onei* (h'eoniposes it. 

Bv ticjdmenl with sibsolule jdeohol the nionohvduitc, BaS^()^.n;,(), 
IS rornicd. It ciumot be I'urther d(*hvdiJited withoul deeompo‘*ition. 
The salt has the oxidising properties ol the piTsuIphates.'* 


BABITM \NI) SKLKNU'M. 

Barium Selenide, BaSe, nia\ be |>iepjiied b\ tiu* reduction of 
barium seleiiate In hydrogen at .500' C'.,'* tu b\ lujitmo selemimi with 
barium oxide or eai boiiate.' It loims a white pow'der which is yellow 
wJicn hot. If heated too stioiu>l\ it becomes red, due to the se|)}irid ion 
of free selenium. It is resulib oxidised m the air, Jiiid excess of broimiK; 
water rajndl) transforms it into selenate 

The moieeiilar heat til Ibrmatum is 01 01 (al.'' 

lake the other {dkaline »earth sclemdes, baimm selenuh* ma\ be 
obtained m a phosplioreseeiit state.*' 

^ Kuitifiifrlii iiiid tVld, Zcit'>ch hULiimhi m . I!)2(l, 26 , JKIi , M( \ci and Kin-ducli, 
ZixUih phij'^iknl Chi-m , 1922, loi, l‘)K 

hahuoff, ZciticU uttotij i'hi’ni , 1922, 123 , 09 
’ S(■llultz,-^St■!lack, lin , 1871,4, Ml , 

‘ Schulze, xhxd , 1884, 17 , 270.'). 

’ Marshall, Tram (.% in Sih , 1 WH, 59 , 779 

^ t’abrc, Ann Chtin 1‘hi/i , 18S7, |l)|, 10 , ,)I7, llcii^di-iii and Hutli, Znl’^th. nninij. 
Chcni , 1923, 126, 227 * 

’ Kittlcinanii, Ann /Vn/sd', 191.5, |4|. 46 , 177 » 

“* do Foriiaud, Ann C/iiin Phijs , 1911. |K 1 , 24, 272. see also F.ibic, Un cii. 

“ I’duli, *4»w. Physik, 1912, [4]. 38 , S7U , Kittlcnwnu, lot ut ; w!o Calciiyn Selenide, 



Barium Selenite, BaSeO^, is obtained by prceipitatioii from solu- 
tions of barium nitrate and sodium selenite.' Stable, mic'roseojiie, 
prismatic -erystals ar(‘ formed, eoiitaining 1 molecule of water, 
HaSeb,.Il20.'‘= ' 

All ucul salt, HaSe^Og, is obtained by evajioratin*^ a solution of barium 
carbonate in excess of selenions acid. It is only slightly soluble.' 

Barium Selenate, BaSeO|, is obtained by precijutating a solution 
of a barium salt with selenie acid or an alkali selenate, or by fusion 
of an alkali selenate with a mixture of sodium and bnnuni chlorides.® 
Hy th(' latter method orthorhombic prisms, isomorphous with barium 
sulphate, and of density t‘75, are formed. They arc usually colourless, 
but may have a sky-blue tint, and the eoloun'd erystals show pleoehroism. 

The jirecipitated salt has a density of fit 22° C.'' It adsorbs 
foreign salts in its formation even more readily than barium sulphate,® 
making it diHicult to determine selenie acid by barium. It is more 
soluble 111 water than barium sulphate, a litri' of the solution saturated 
at 25° ('. containing 82- fO mgm. of barium si'lenatc.'* When strongly 
heated it is completely converted into barium selenite. Iteduetion to 
seleiyte, aeeompametl liy the evolution of chlorine, takes place when the 
salt is boiled* with hydrochloric field. ^ 

Acid Barium Selenate, BaSeOfHoSO,, has been obtained 
similarly to the acid sulphate by dissolving barium selenati' in selenie 
acid, ily electrolytic transport it can be caused to ei’vstalbse round 
the anode, and so it is ])robal)l\ to he regarded as barium selenie acid, 
IljjfUa(So(),)2 1. A eoiieent rated solution of selenie acid saturated with 
barium'selenale also deposits erystals of baniim seieme acid.’ 


BAHIUM AND TELLURIUM. 

Barium Telluride.— An iminire tellunde is obtained by reducing 
barium tellurate with hydrogen above 310° C.® 

Barium Tellurite, BaTeO^, may be obtained as a voluminous 
white |)reeipilate from dilute solutions of an alkali tellurite and barium 
chloride. It ahvays eontaiiis an amount of the latter w^hieli varies with 
the proportions used. With excess of barium ehloikle the precipitate 
niny liave the composition 8BaTeO.,.,5BaCl2*I^^i^20» with eipiivalent 
(piantitics of the tw'o salts, 20BaTe6g..lBa('lo.20ll2O.'' 

' It may also be prepared by fusing together tellurium oxule and 
barium carbonate. . Uarbon dioxide is driven off and a yellow^ lupiid 
formed which gives a colourless erystalhn^mass on cooling. 

By* fusion at incipient red heat an acid salt may be obtained as 
a clear colourless glass. The same compound is also formed as a 

' 1 Nilson, BuU, Soc, chim , 1874, [21, 2i, 253 

* But POO Muspratt, J, Chetn. Soc., ISSO, 2, tiO 
Michel, Cojnpt. rend., 1888, io6, 878. 

* Schafank, J. prakt. Chem., 180l 90, 12 

^ Motznor, Ann Chim. Phys., 1898, [7|, 15, 226. 

* Moyer and Fricdnch, Zptsch, phystkal. Chem,, 1922, 102, 369 ; see also Pettor^on, 
Zcilach. anal. Chem., 1873, 12, 287. 

» * Moyer and Fnodnoh, Zeilsch phynikal. Chem., 1922, lOi, 498. 

* Hcnglom and Both, Zeitsch. anotg. Chem , 1923, ia6, 227. 

® Lenhgi and Wolosensky, J. ^t/ncr. Chem. Soc , 1913, 3S» 718. 



Dluminoiis flocculent pi'cri|)itat(' by tiu* action of very tliliitc uilri(‘ acid '- 
on the neutral salt.’ 

Barium Tellurate, BaTeO,, is formed as a \olunniu)>is priripilate 
by mixiiify solutions of barium chloride aiut a neutral ttllurate. It is 
only slightly soluble in cold water, hot is much more soluble m lad, and 
very soluble in nitne acid. It contains ‘A molecules of water wlueb it 
loses above 200® The dcnsit\ of the h^draled salt is I- IS at 10° t’., 
and of the anhydrous salt !■ 2.“ ^ 

An acid salt, Ball/IV/),,, which is more solulde than tiu neutral 
salt and is deeoni|)Osed bv water, is als<t kiuovn, as well as a salt con- 
taining four e(pu\alents of acid to one of barium.’ 


BARIUM AND CHROMIUM. 


Barium Chromite, BaCr.O,, is obtained as a dense giirn eiyslal- 
linc jiow'der by heating a mi\tui(“ of potassium diehromale and barium 
chloride to redness."’ By heating together chromium s('s(piio\ide and 
barium oxide ni the electric furnace a polyehromit(\ BaO-tCr^O.), is 
jiroduecd, even when e.veess of baryta is present, ll foims a gfi'cnish- 
brown powder of density 5-t at 15° ('.* 

Barium Chromate, BilCrO^, is obtained as a pale yidlow |>owder 
of density t-.T -^•5 '' by precipitation from solutions of a chromate and 
a soluble barium salt.’’ It can be pre))arcd m the form of rhomliic: 
crystals, isomorphous with barium sulphate and of densits l-d, by 
fusing sodium and potassium chiomates w’lth barium chloride,' 

Barium chromate is stable at red heat, and for that iiason has been 
employed m painting jiorcelain. It is jiraclically insoluble in acetic 
acid, but is readily dissolved by hydrochloric, nitric, and chromK* acids. 
It is deeomposcrl by sul])huric acid and by a hot solution ol »sodium 
carbonate. In the latter case a dclinite equilibrium point, Ix'twcen 
barium chromate and sodium carbonate on the oiu* hand, and barium 
carbonate and sodium chromate on the other, is reai’hed.’^ 

The solubility has been delermined by dcctncal conductivity 
methods.*’ 


Temperature, °(\ . -- 0*88 

Mgm. BaC'rOi jier 
litre . . . 201 

Milli-eqmv. ])er litre 0-01 01 


10 07 

3;37 

0(»200 


17- 12 

;if8 

IH)275 


18 

8-52 

0-0278 


28-08 

1 .80 
OOOU 


Barium chromate is soluble in molten sodium nitrate.’" 

By precipitation from eoneentraled solutions a barium jiotassium 


’ BcrzeliuH, Ann, Vh%m. l^hy» , 1835, [2), 58 , 257, • ' 

® Clarke, Jahresber., 1877, 43 • 

■' Cerbor, A'oe 1877. [2], 27 , 436. 

* Dufau, Ann. Chim. Phyn., 1807, [7], 12 , 257. 

Schafank, J. frakt Chevi., 1863, 90 , 1 ; Schroder, AnnaUn, 1874, 172 , 278. 

• Morris, Annalen, 1882, 213 , 263; KhrousUw-hoff and Marline;!!, Ann. (Jhun Phyn. 
1887, [ 6 ], n, 234. 

1 Boui^eois, Compt. rand., 1879, 88 , 382. 

« Rose, Pogq. Anmlen, 1866, 95 , 426; Malaguti, Ann Chim. Phyf> . 1857, [3J, 51 , 


• Kohlrauflch, Zeilsck physikal. Chew, 1008. 64 , 1.57, nee abo MeHche/iJ-Hki, /aiImcH. 
anal Chem., 1882, 21 , 399; Fresemus, ihid., 1890, 29 , 413; Wivdclell, AnalyA, 4918,' 
43 , 287, who all obtain higher values. 

Guthrie, Trans. Chem. Sod., 1886, 47 , 94 * 
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chromate. IhiCrOi-Kg^^ J'0„‘ and a hariiim aniinoninin ehroniate, 
Ha( rOidXIIJaCiOi,- may be obtained. 

Barium, bichromate, BaCr^O,, is^obtained by lieating tof^nther 
solid ehromie aeid and ihoist, 1‘ieshly |)ieei])itated baninn ehromate 
nnxi'd with potassium elnomate and jiolassium diehromate,-'’ or l)y 
boilnifT IVesliK ))recipitated barium ehromate with ehromie a(‘id and 
nitiie acid,’ or, linally, by decomposing^ the ehromate witli dilute siil- 
phurie ae^l.' It eryslallises m slender, yellowish-brown, rhombic 
prisms as HaC'rX);. 211^0, tlie 2 moleiadcs of water bein^» lost at about 
too" C'.* Barium dicliromate is deeomjiosed bv water, f,u\m^ the 
ehromate. 

Barium Potassium Trichromatc, 2BaCrjO„).KXr , 0 ,„.H. 20 , 
has been obtained as a very hv^roseopic eom))ound readily deeornposi'd 
by water.* 

Barium Chlorochromate, Ba{CrO,,Cl)2.4(]H,COOH.2H20, has 
been obtained by tlu' action ol cluomvl chloride on Imrium chromate m 
the presence of acetic acid.’ It is an unstable ecmipouud (‘rv stalhsm^r 
111 yellow plati's. lii dr> air it ^i\<‘s iij) acrtic acid and cliromv I chloride, 
and it, IS also dccom[)osed liy watia*. By ireatm^r tlu' motlu r lupiois 
Irom th(' abdvc [iri'paration willi hydrochloric acid a compound, 
BuC'l(t'r()jt'l), is obtained, and il' the acul.is dilute the compound eon- 
tains 2 molecules of w.itci and I'orms i»oIden-yellow, h\»roscopic iiei'dles. 

Barium Perchromate, BaCrO-. By treating chromic acid with 
an excess ol h\drogcn [icroxidc and decomposing the li<pud obtained 
by cooled barium hydroxide solution, a very unstable, pale yi'llow- 
eoloured*preci})itale oTtlic perclnomate is obtained. It may he washed 
by decantation and dried over sulphuric acid lu vacuo. It is <h‘tonated 
by heat or shock. With dilute siiljiliuric acid it turns blue and gi\cs 
up ox}^gen.'^ 


BAKU M AND MOLYBDENTM. 


Barium Molybdate*, BaMoO,, is obtained as a line while ei vsfalhne 
powder by precipitating barium chloride with neutial sodium molybdali','' 
or with an ammomaeal solution of ammonium molybdate."’ It ma\ be 
obtained ni long needles by heating sodium mohbdate with a mixture 
of sodium and barium chlorides." The density is 4 (m!) at 17 .5‘’ 

The solubility in watei is not verv great, one part dissolving in 17,2(U) 
parts of water at 2;t'' C'., but it is increased by ammonium nitrate, and 
the salt IS reailily soluble in acids.-’ 

A number ol acid salts ot varying degrees ol' complexity, containing 
up to nine eiiuivalents ol' molybdie acid I'oi each equiyalent of barium, 


' liiogor, Zti/'t/i unonj Cfimi . 11107.54, iS") , liiuiv, (’oiiipt o iid . ItM t, 158, 1'.).") 

“ (;lrogi*i, Znl'^rh umnf. Chini , ISKiy, 58, 412 
■' Autcimiitli, lit) , 11)02,35, 2002 

‘ .Ma\oi, ibid, 11)03, 36 , 1742. slt abtt Zcltimw, 1M72, 145, 107; 

llulii, ./ prakl Ckcm , IS.jIl, \ l|, 60, 00 
’ bahr, he cil, 

*’ I’lciS) imd Kaymaii, liei , 1880, 13, 340 
' I’idlorius, AiinaleH, 1880, 201, 19 ” 

'' l'(•('llal(l, Cumift rend., 1891, II3, .39 
" S1111H1 aiul liiftdbury, Jit i*, 1891,24, 2930 

^'IrfcJvanlKTg anil Stiiivo, Annahn, 1848, 68, 298 , J piukt Chnii , 1818. 1 1], 44, 257. 
Schult/A', Jiinalin, 1803, 126, 49. 

Clarke ^nl Mai-sh, .Iwcr. J. Sci., 1877, [3). 14, 281. 
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have been obtained.^ T1 kt(‘ are also \ arious eoniplex salts with iodie® 
and jxriodie * aei<ls, \Mtli nK-laplaisplun le an<l arscnious .n-idsj witli 
ai’seiiic aeid,* and witli nxalic* acid’’ A baiiinn 1 hiomoKhdatc has 
l)ceii nienlioiu'd.' 

Barium Permolybilate, Ba(MoO,)^.2lVo, is pn npitatrd in Ihe 
ibnn of microscopic, octalicilial cr\slals l>\ Ihc actum of 

ammonium pci'mol\ Ixlatc on liarmm chloride, or of liydiof>cn pmoxide 
on baimm dimolybdatc .it SO No piccipilalc is obtained in the 

cold. Wlicn licatcd ttic crvstals Ix-conu' wliitc, and water abet owfjfcn 
are ^nven off IcaMiio a icsidix' ot lianmn dimol\ bdalt' 

A comj)lc\ compound witli oxatic acut lias Ixcn ticsciilx'd *' 


JUIUIIM AM) TUNtiSTEX. 

Barium Tungstate, IbiWO,, is obtaimxl as a hca\^ wluti' precipi- 
tate IVoni hot solutions ofsixlmm tnnystatc amt tiarimn cliloridi'. 'I'liis 
nx'lliod lias liccn sugjicstcit tor Itic ('st imatioii ol lun»stcn 'Plir salt 
can also be pi<‘paicd bv liisin^ sixlium tun^istali with liaimm and 
sodnmi clilondcs," wlicn it forms (jiiadratic (X'tahcdia densUy 0 ;}r) 
at * 20 ' 'I’lic piccipitatcil ,salt is li\dratcd, the amount ol water 

present dependmi^ on ttic nfctlxxt of jucpaiation A ^nlalmous com- 
pound with t molccul(‘s of watci lias Ixcn olitanx'd. and a ii\stallmc 
one willi 2 molecules,'’ and still other Naiialions lia\c bci n im nl loiu'd. 

Ilaiiiim tun^stati* is more soluble m animoniiiin nit i. lie solutions 
than m pure water, and is decomposed b\ acids with tiu' sipaiation 
of \ ellow Imif^stie acid.'’* Us emploMiient in pamlmi> has Ix'cn 
su^^ested 

Numerous ai id tungstates lia\elxen described,^’ ineliidma paralimjf- 
states and melatimgstates. , 

' Sv,iiil)( liT aiiif Sliuvc , cd , I’llik, hutnhn, 18(17. 144 , .‘{.‘Mi , Itailliai lie. Coiiiiit 
und , ISKll. 133 , 1J12, .luimis. /CtdytJi nnon/ ('Inin, I'MII 46 , I {.{ , ihni , IM12, 

78 , 112(1, nlwiiii . 111)1 l'‘)'li\. ihnl , I1U3. 79. ‘2'12 , .iiid Xikoliiw, ihnl , * 

92 , 141 

- CinrlK'ii. CoiH/it If lid , 123 , ITS 

' |{l))ni''li<iil)l, Z( Xsr/< iiiinnt ('Inin 1892,1,1(1 
‘ llihljs, liilnidin, IHS'), .I'i" 

■ Wciiil.md ini)! Sinntiici, Zidsth niionf ('Initi. 1897, 15,4*2, IMiliilil, iin . IHHI. 17 , 
•217 

" I’cfluid, ifiid . lS 8 tl, 108 , l(l.-)’2 , Z' il'iih iitnin/ ('In in , 1899, 21 , Ki 

■ |{).M/clui.i. I'nii<i \iiiuiliii, IS2(), 7 , 2(il 

IV'diaol, ( mil pi ii'lid , 1892, II 4 , 1:{.‘>S , \iiii ('linn Idn/n . 1892, |(ij, 28 , .m 7 , sco 
aK(» Hiirw.ild, ('Inin Zintr , 1881, 421 

® MiU?iU't']n‘lh. Alh R Airad hihm, 1997, |. 1 |, 16 , i, 9(i.‘l 
.Smith (iiid Bradl)UF\ , /fir ni , m'O .Umi A Itnow, /Vw/y hnndin. 18(17, 130 , 1(1, 2KI, 
Schi*ihli'i, ./ jnnkl Clifin , 181)1, 1 1 |, 83 , 27l{ , LctoM, IwM ('hliii Rlnpi , I 8 T 8 , |.7|, 15 , 
l{2] , Autlion, ./ prakf ('Inin , iSlMi, 1 1 ), 9 , • 

" (JcutliPi ami Kdisbotn, Annaleit, iHIli, 120 , 272 
Michel, Rull Sor finn^ Mm., 1879, 2 , 142 
Zarnlxiimn, ZnUsrh Knpd Min , lUn."), 41 , ()I 

Pcchaid, Compl mid, 1889, 108 , 1197, Ann ('Inin Plnf^ 1891, |(i|, 22 , 202 
*’ Smith and Bradbury , ni * 

Sacc, Coin pi rend , I8(i9, 68 , :{1() 

Ijcfort, he ni , Ann Chiiii Rhifi , 1879, |b|, I"], 170, Sctuahloi, piniA ('hnn., 
18(i0, flj, 80 , 204 , 1891, [1), 83 , 273 , Lutz, AnniiU'ii, IK-Oi, 91 , (iO , .lioi Chiiii Rhyn., 
18.5.5, [3J, 43 , 240, \r»n Kmiric, Bn , 188.5, 18 , 329, Zettnow, hr nt . \V\ i.uibotr, 
Bull Soc. filing . 1 / 7 / 1 , 1892 , 15 , 93 ; .1m/i ('him /V/i/s . 1999. [ 8 ! 17,217; ZiM-nrh. 

anorg. Chem , 1912, 74 , .'1,5J 



, - i\ Jiuiiiui-i ui winiijm-A ruiiipuuiiub, piiospno-, arseno-, ooro-, 

lilic'o-, aiul \'aiiadi()-tungstatt‘s are known, and also a innnbcr of doiihlo 
lalts with Ihj* alkalies and annnoniaJ 

A bariiini tull^^stc•n BaO.VVOa-J-WOa, has been prepared by ‘ 

•c(hiein<i barnnn |)aratnn^r.state with hydrofren at red heat,^ and there 
ire also barium alkali eoinpoimds similar to the ealeium and strontium 
llkali bronzes.^ 


^ BAUIIIM AND URANIUM. 

Barium Uranate, BaUO,, may be obtained by fusing; fjrecn oxide 
)f uranium with barium ehloride. * It forms brilliant yellow erystals, 
nsoluble in water, but readily soluble m dilute hydroehloru* aeid3 

Barium Diuranate, BaU^O,, may be obtained by ealeiiun^T the 
lonblc barium uranylaeetate or preeij)itatinf» it with barium hydroxide, ’ 
irby heatinjr triecn uranium oxide with barium ehlorate.^ By erystal- 
isation from solution m fused barium or sodium ehloride it is obtained 
II yellowish-^U’een leaflets. 

A hydratc'd uranate is obtained as a yellow precipitate by the addi- 
ion ofi ammoyia to a mixture of barium ehloride and nranyl nitrate 
lolutions, or by jireeipitatin^r uranyl nitrate with excess of liarmm 
lydroxidc solution. 

Barium Peruranate.- By preeijiitatinj;; sodium peruranate with 
laruim chloride, an orange-eoloured ervstallme jiowder of composition 
’Ba02)2U()|.8n./) IS obtained.® If anmionimn |)eruranute be used 
nstead ol the sodium eoinpoimd, a yellow' floeeulent jireeijiitate, 
[3a()2(U(Ji)2ddl20, IS formed. Both are deeomjiosed by carbon dioxide, 
orniinj? hydrogen peroxide, barium earbonate, and uranium tetroxide.^ 


BARIUM AM) NITROGEN. 

Barium Nitride, BaiN2.- As in the ease of the other alkaline 
Mirths, an imiiure bariuib nitride was first olitamed by heating barium 
imalgam in a eiirrent of nitrogen when the mercury distils off. leaving, 
n general, a fused compact mass with a ery.stalline fracture, but some- 
:iincs yellowish needles.® Metallic barium absorbs nitrogen at 200'^- COC^ C. 
:o form the nitride.® It may also be formed as a voluminous yellow 
powder, along w'ith ammonia, by heating the amide, Ba(NH2)2» to above 
350° C.,^“ or in vacuo at 100°-t50° CM The reaction is reversible. 

' Barium nitride is an orange-yellow solid, fusible abo\c 1000° C. and 
slightly volatile. With w'alcr, barium hydroxide and ammonia are 

1 Copaux, Iw. dL ; (tibbs, Jahtesber , 1885, 527 ; Pochard, Ann, Chini. Phys., 1891, [G], 
! 2 , 194; Klwn, tbid., 1883, [5], 28 , 350; set* also Moissan, Tintti de Chitme Mxnhalv 
Masson ct (’lo), 1905, vol iv. 

* Hallopi^au, lliisf, Paris, 1899, No 1006, p. 3?.' 

® Eiigds, Zt%isch. anorg. Ckem., 1903, 37, I25..- 

* Ditto, Compt yend., 1882, 95, 988 

'■* Wcrtheira, Ann, Uhtm. Phy«., 1844, [3iji^9. 

® Molikoff and 'Pissarjewsky, Her,, 1897)8^^02. 

’ Mehkof! and Pissarjewsky, Zeitsch, anorg Chem., 1898, 18, 59. 

“ Maquonne, Comjd r«nd„ 1892, 114, 25, 220 ; Ball Soc. rhim., 1892, [3], 7, 366 j Ann. 
Chim. Phyn., 1893, [6], 29, 219 ;» see also Wolk, Bull. Soc cUm„ 1910, [4], 7, 830 

•,t)aferl and Miklaii/., Monolsh , 1913, 34, 1685. 

Mentrel, Vornpi. rend,, 1902, 135, 740. 

Guntz and Mentrel, BuU. Sor. chim., 1903, [3|, 29, 578. 



tormed. At red boat it reads energetically with earbon monoxide, gu ing 
^ariiim hydroxide and cyanide. ^lacinenne suggests that nitride I'orma- 
tion prceedes tliat of the cyanide in the produc'tion of tlie latti r.’ 

When hydrogen is jiassed over tlie nitride ^il .MOO'’ (’. tlu' hydnde is 
formed and nitrogen lilicrated, ammonia being also cvoh'ed, espc'eially 
if tile temperature be raised. As the hydride may again be e«)iiverted 
into tlie nitride by lieating m nitrogen, these reactions might form llie 
basis of a method for tlie .synthesis of ammonia.^ 

The molecular heat of formation is 1 AO- A C’al '* * 

Barium Azide, Ba(N 3 ). 2 , may be prepared bv the action of hydra- 
zoie acid on barium liydroxide, or of a boiling solution of ainnnimnm 
azide on the freshly precipitated hydrovde."* Tlicre is, apparintK' 
always too little barium present in the sail pieparcd b\ tin* second 
method. It forms triehme crystals containing 1 nKilceiile of nater,'’ 
which IS removed by drying over sulphuric acid.' 

Barium azide is not hygroseojne, and it is less soluble in wati'r than 
the corres|)onding calcium and slrontiiiin salts, 100 parts ol water dis- 
solving 12-5 parts of the salt at (’. and 17-3 parts at 17" I'. Onlv 
0-0172 jiart dissolves m 100 parts of alcohol at 10" (’. The aipieoiis 
solution is very stable and does not lose liydrazoie acid vlsi n hi'a!?!! 

The diy salt is (-xploded by* heat hut not by slioek, depositing a 
lilaek powder of lineU duided barium. The explosion lempeialnn* is 
225*^ t’.*' Wlien the salt is carefully heated itt vacuo exohilioii of 
nitrogen begins at KUr ('., and will then eonlmiK* at 120" 

Barium Ammonium, Barium Hexammoiiiate, Ba(Nll,))„, is 
obtained as a red, bronze-like solid by passing aniinonia o\er metallii* 
barium below 28" At -23" ('. a lilue siihition of the lonipoimd m 
li<]uid ammonia is lormed, and at .50" a second liijuid pliase 
scjiarates.’' Below -15'^ ('. barnim ammonium is stable. At iiiglier 
lemjK'ratnres it decomposes to form tin* anii<le.’^ Tin* following \*aliies 
have been found for the dis-^H-iation pressure of ammonia at differi'iil 
tcinpcratnres : 13 mm. at 2.")" ('., oO mm. at --3' and 00 mm. at 
0° The heat of lorination of baimm liexaminoniate from barium 
and ammonia is !) 08 C'al.'-^ Barmin amniomum inllames s))ontaiie(>iis]y 
in the uir and reacts violent l\ with water It absorbs oxygen giving a 
mixture of barium peroxide and oxide. With nitric oxide it Jbrms 
liariiim hypomtriti*. and with carbon monoxide, barium carbonyl. 

Barium aimnomum may also be obtained liy dissoh mg a 00 per e(‘nt. 
barium amalgam in lujuid ammonia.'® 

' iM<i(lueinic, lor rit 

- Datert and .Miklau?, Monahh., HUH, 34, 108,"). 

® Hunt/, and MontrW, JiuU Hoc. rfiim , 1903, (H|, 29, ."»78 

* Cuitiua, Jin , 1890, 23, 30H2, Cuituis and Itissnm, J ptnll Chem , 1898, (2|, 58, 287 , 
Dennis and Dem-iliet, ZntscL anonj Chcni., 1898, 17, 22 ; J Amct Chetti. Ho( , 1898, 20 , 22.7 ; 
Dennis and Bnjwne, ibtd., 1904, 26, (502 , ZnhcJt. nnovj Chem , 1904. 40, 97f 

Curtins and Rissom, Ux. cil. 

* Dennis and lleiiedict, lor. nt, 

■ Dennis and Bmwne, loc. cit. 

“ Ciirtius and llissora, lor nl . ; but see Dpnnis and Beiiediet, hr cii 

* Hite-h, J. Ainer. Chem Soe., 1918, 40, 1203. 152'’ has also b^en given as the 
explosion temperature, Wohler and Martin, Zetlsch. angew. Cknn, 1917, 30, 33. 

>« Tiede, Ber , 1916, 49, 1742. 

Mentrel, Compi rend , 1902, 135, 740. * 

Blitz and Hiittig, Zetlsch. anorg. Chem., 1920, 114, 241 Biltz, Zethch Elekfrorhep., 
1920. 26, 374 

Guntz and Mentrel, Bull Hoc, ckitn., 1903, t3J, 29, 68.5. 



m THE ALKALINE EARTH M^ALS. ' 

Barium Amide, Ba(NH 2 ) 2 .--If barium he hratod in a current of 
dry ainnioniji :i[ “200' barium amide, or baramidc, Ha(NII,),, is 
obtained as a ^rreyish-w lute mass. It darkens and lujiielies at ‘2S0^ 
and Ix-eomes ^o'een at t'. At liij,dier tem])eratnres, 100^ C. m dry 
ammonia, or lOO'^ in ly/ei/u, it deeomposes with formation of tin* 
nitride wliieli, when heated m ammonia at fOt^ is parliall\ recon- 
vert! (1 into the amide.' 

If till' eomjiound ot barium bromide with ammonia, BaHi.^.HMI,, is 
left 111 eoiftaet with potassmm ammonium lor two or three da\ s, livdrofren 
IS e\ oK ed and barium amide and potassnmi bromide are left. TIu' latter 
IS renio\ed by Ii()ind ammonia.- 

Hallr, ' ‘2NII.,K Ba(Nll 2)2 < II.^. 

Ilarmm amide' is also formed as a white preeipitati' bv the aelion 
of potassaimde on an excess of a barium salt m h(}nHl ammonia 
sohilion.'* 

An amide of the composition na,(\ll ,)2 has been obtained In the 
absor|)tion of h\dro‘^en bv barium nitiide It is less stable I bail (Ik* 
eorix'spondniii ealenim and strontmm (“om|)onnds, and reaels ri'adilv 
with a liiilh?!’ (piantitv of h\droj;en at low' timipeiatiirt's to i,n\(' the 
liydi ide and mtio^en, a certain amonnt'oCammonia beiiijr also e\ oh i-d * 

By pouring a solution of a barnim salt m iKpiid ammonia into excess 
of a sohilion of potassaimde a mi(>roerN slalliiu' ))ieeij)itate of potassium 
ammonobaiate, llaMx.'iXIl j. or IkdMU)^ KMIo, is formed, similar to 
polassnim ammoimealeiate and strontiaiiate ‘ It is nnehanned l)v lu'at- 
in|j; to lf)()' C'. It is insoluble m Ii<|md ammonia, but is decomposed and 
dissohed m lapiid ammonia solid ions of ammonium nitrate. Water 
readily hydiolyses it into potassium and barium hydroxtdi's and 
ammonia. 

Barium Amidosuiphonate, Ba(Il 2 NwSO ''“i obtained bv tlu' 
action of the sodium salt on a eoneenliated solution of barnim chloride 
A dibarmm oxyaimdosnlphonate. ILi^lSOjNOIIlg.ILO," and a moim- 
barmm eomiiomid, Ba(S().,NII()Il)2.11 ,0," have also bei-n isolatc'd. 

Barium Imide. Imide formation by healm;^ metallic baniim, 
baimm nitride, or the hydride m a mixture ol hvdro}>en and mlrojriai is 
doubt fill.'* 

Barium Imidosulphonate, Ba^N^lSO dt-SHgO, has been pre- 
jiared, and also an acid salt and several double salts with merenrv and 
the alkalies. Thev dei'ompose explosively on beiiii' heated.” 

Barium Hyponitrite, BaN^O,, may be obtained as a erystalhno 
})reeipitate by the action of sodium hypomtiile on barnim chloride 

' Meivticl, ('nnii>i tend, 1!M)2. 135 , 740, (Junt/. rtud M«‘iUu-l. IJiill Hoc chim, liJO:}, 
i;t|, 29 , r,7s. . 

- ,li)amiis, (’nnifd n nd , 100."), 140 , 124.} 

' tVanklin, ./ Aitict ('hnn .S'fx , 1915, 37 , 22 !)r> 

" l)at(Mt nncl .MiUliiii/., Monal'ifi . IDi;}, 34 , l(»S.5 

" Uivcrs aiul Haifii, Tntu'i ('fiaii So( , IHDO, 69 , KklS; ('hem Xcu"i, IS9(!, 74 , 277 ; 
liei., LS7(), 9 , IStHk 

* Fiomv. .Ihh. ('him I’hi/,- , 1845. [:}|, 13 , 408, Divcih and Ifaga, Chem Sor , 

ISS9, 55 , 7(50 

’ Divt'i’H and Ifiigii, /or 

“ Divcis and Ha^a. '/’raTi.t ('hnn *S’or , 1892, 6 l, 904 , 1890,69, lOM; Chain, Xaivs, 
I8ffl5, 74 , 21 ) 9 ; lici^lnnd, lit't , IS70, 9 , 252, .fnhmbn , 187(5, 177, -Is^uelain, Ann. 
Chim Phifs . 184;}, i:}]. 8 , 29;} 
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solution,^ or of the silver snlt on an aniinoni.aeal solution of hariuni 
, acetate and subsequent wasluufr of the prceipitatt' willi anuuouia, 
alcohol, and ether, folUmed bv rapid drying in .nr.- Lar^e.nei'dli's are 
obtained when very dilute solutions are used, It is also prodiuvi! bv 
the action of nitric oxide on barium aiuinoniuiu.-* 

It is obtained both as tlic anhydrous salt and as the tetralivilratc, 
KaN^Og. tIl20J The tctrahvdrate readily elllorcsces.- Harium hvpo- 
nitrilc IS only shffhtly solubh' in water, the soliitHui an alkaline 

reaction. It is deeompose<l bv dilute acids with tlu' e\ Elution of 
nitrous acid. 

An acid salt, Hall2(N.2()2)2, crystallisinjjf in lonuf ne(‘dles and rc'adily 
soluble in water, may also be jircpared, byt not m a pure condilion ‘ 

Hy crystallisin^r the neutral salt from acetic acid solution a eom- 
))()und, UaN2()a.IIa((’I!3C’()()),.‘2rHj('()()Il..‘}Il,0, is obtained. Il is 
less stable than the eorrcspondinp ealciuin and strontium eoiujimnids." 

Barium Nitrososulphate, or Nitroxysulphite, BaSO,(N()),, is 
obtained as a white precipitate by the action of barium h\dro\idc on 
the potassium salt,' and a double potassium barium salt has also been 
separated.** 

Barium Nitrohydroxylaminate, BaNoO,, is oi t.um'd, bV the 
action of the sodium salt on a* liariuui chloride sohition,'' as a white 
precipitate eonlainm^r l molecule of water of <•r\stalllsallon, winch it 
loses at n.r 

Barium Nitrite, Ba(N 02 ) 2 » is best obtameil bv tlic ({(‘composition 
of silver nitrite liy barium chloride.^* It is also Ibrnu'd m other \\.i\s, 
for example by the action of nitrous acid vapouis on barium hwliosidc 
solution or barium caibonale,*- b\ careful calemation of the nitrate and 
removal of barium oxide and nitrate,*'* or bv a eombmalion of tlu‘s(‘ 
two methods;'* iiy reduction in the dry state by cofiper, (iiprons 
oxide, oxalates, or otlier r(‘dueinj> afjents ; by tlic action of sMium 
nitriti' on barnini chloride in a limited amount of water; and be the 
electrolytic reduction of barium nitiate solution '■* 

^ Mcnkc, Tudu ('hull Sui , |S7S, 33, 404 , /^oin. l!u , 15, !0(>7 . Doci-.. Tiuiu. 

('hull Sac, iSilO, 75, 117 

^ Kiisdiru't, Zut'^ih tinnKj Chun, IKOS, 16, I2(i , but mm- Inn (’him 

rin/^ . ISHO. t()|. 18, 564 

' .Mciilicl, ('oiiipt luid , lil02. 135, 740, (!unt/, atid Mdiln-l, l{iill. .s'ai (him, 100:|, 
[:}|. 29. 585 

' Divpi'm, i»c at 

'■ Zotn, Uic lit 

'■ Maqdcnno, Ann. Chm Phfs . IKSO, fO], 18, 5(»t), (,'omiit uud , I8s!l. io8, l.to'l. ^ 

' Divers und ttaga, Tmnn (.'hem Soi , 1885, 47, 364. 

“ Kant/seh. Her , 1894, 27, 327! 

* Ang(?li, Ckeiii Zril, 1896,20, 176, (inzzclta, 1896, 26, 11, 17, Atli H hfiid l.nirei, 
1896, fr>J. 5, 1, 120 

Angt-lien and Fanara, di/zvltit, 1901, 31, 11, 15 * 

Ramnielsboig, Pmjg. Annalni, 1863, I18, 287, Anult, Zeitnch unofi/ ('hem, 1901, 
27,341; Ray, Tmn-*. t'/if'wi , 1905, 87, 177 , Vdi/ol, ZfjtsrA uiumj , 1903. 35, 385 ; 
Oswald, .1»0( Chini., 1914, |9), i, 32 

*- FnUsche, Poijg Aniialen, 1840, 49, I3t, Hamp*, Annuleti, 1863, 125 , 337 , OswhM, 
lof at. 

Hess, Pogij. Annakii, 1828, 12, 257 ; Fischei, ibtd , 1848, 74, 115, llamfM-. Inr ut ; 
Oswald, loc. at ; Ray, loc at. 

** Hajnpe, loc. at. 

Oswald, loc. at. • 

Miituschck, Chem. Zeil , 1902, 26, 526, Ha, 1907, 40, 990, Wilt and r.inhuir, 
ibid., 1903, 36, 4384 ; see also Mc^i-iholTcr, ihtd , I90t, 37, 261 

” Wenirer and IjubomiiHki, Ann Vhim. aniiJ nppl., 1919, [2), l, 339 
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THE ALKALINE EARTH ^llijTALS. 

The projx'rhes of Larinm nilntc ha\i' lurn carcfiilly tvaniincd ])v 
Oswald, and also l>\ Hav. d’hc ardndrous salt has a density of M 52 
at (f’ nu lls at 217" C'.d and (h'com poses at 2.*i5 ('. Eroin solution it 
ervstallises as tlu‘ inonohy<hate in ^lislenin;^, fainth >(‘llo\\ needles, 
isoniorphons uitii tlu* strontnini salt andof dens!t\ .‘MOD. 'I'liis hydiate 
is stahle in air, melts at 18 1' (’. witli pailial hvdiolvsis, and may he 
dehydialed ni rnruo o\ i r phosphorus pentoxide. It is dillienll to 
remove all tlu' nater of er\ slallisation. The powdered salt dried m 
the steam-o\en has a composition of ajiproMinately Ha(N()o) 2 -iII^O. 
Foek obtained tlu' anhydious salt m he\a}*onal <‘r\stals by slow 
e\ apoialion.- 

Tlu* following \ahies ]ia\a been obtained loi the solnbihlx ol the 
monoliMliati' at dilli'rent temperalmes’ 

Trin]K liLtUK . (' 0 10 20 :to 10 .10 (>0 To SO !I0 lOl) 110 

(liani'i 15.11 No,), lIjO 

in 100 tinuiis wfili'i" l»:5 T OUT 751 .T o:>, li:5 l:li» 170 202 2.)l 101 101 Tl^T 

The eryoh\drie temperature is (J ,7 and the er\oh\drate eon- 

lams dl .") pel cent, of tlu* mil lie 

'Phe sohibihtv ol bannm niliite is diminished 1)\ alcohol, and m 510 
per cent alcohol I he salt is piaelieally insoluble ^ Tlu* aipieons solid ion 
lias an alkaline u*aelion It is stable iiiihss aeidifud, when i( is rc'adily 
o\uli,s('d. t'oneentrated a<pi<*ous .solutions undc*rno hvdrobsis al 
100 " ( . 

Sev('»'al double sails are known: Ha(Nl) 2)2 2Ai>N'()2.1IA), ‘ 
2Ha(X(),)„.;JlI)>(N() ,) ,.,5n.,0, (*ontaininfj tlu* eomplev bivalent anion 
n{ 2 (N().j,“ Ha(N6“)..2K\().,*^ na(N().,),.2KN()>.Il2()A 2Ha(X().).. 

CsN()„ Ua(N(),)>.‘2('sNO, 11,0, lki(N(),),.A«\(),.:k'sN()„ 2ll„(),' and 

Halt’h(N().2),()rif,.‘' 

Barium Nitrate, Ba(N(),) 2 , has b(*en found in the nalural slate m 
the Chill .salt ju'tn* b(*ds.'' Il mav be oblam(*d b\ neuliahsinn mine acid 
with barium Indroxide or carbonate Owini> to its slight solubility as 
Compared with tlu* othei alkaline earth nitrates, it is ])ie(*ipilaf i d in the 
cold by the action of sodium ml rati* solution on a eon<*('nt rated solution 
of barium (*hloride,^'* or of sodium nil iat(*<»n barium sulphide.^' It mav 
also be obtam(*d by fusiii)* barium sulphate with excess of i*.denim 
nitrate.^- 

Th<‘ salt, as ordinarily obtained, is anhydrous. It eryslalhses m 
colourless eiibieal oetahedra and is isoniorphons with the <‘hloral(* and 

‘ Si‘(* ,dM<i Anult, lor nt 

^ Ktu'k. yA'ifsih Mm , l.san, 17 , isi 

' 0 .swiil(l, lor nt 
‘ Inc' ( it 

'■ Ka^ , V’n/H.N ('him Sin , 15)10, 97 , .‘I2a 
® liim^', I’ofjii \tm<ih}i, 118 , 251:5 
’ iluiiiie.'ien, Amir ('him J , 15)07, 38 , 014 
** Kiiilriiai k<’i, /jiii'tih. intoii/ ('him , lOUl, 82 , 207 

" (Jiotli, JithU) Mm , IHSlt, 1 , Het ,14, ./ Chrm Sm , 188:j, 44 , Al)> 11 , 4:51 
Kulilinami, Ann. ('him I'liif-i , 1.8.78, |: 5 |, 54 , .55)0, \«)n I.ippinann, ('hrm '/a it , 585)4, 
18 , 67, Heo alsd Ceppinloio, (liizutUt, I5)i2, 42 , 1 , 2:5:5, *410 H Jew/ Limn, 15)12, [.7|, 
21 , 11 , 842. t> 

‘‘ Molii, 18:58, 25 , ‘25)0 

Aktic'n-lie‘^ell I <hcm Ind nn<l Kiihn<*. CeiiiMn Patonl 218.724 ( 15)1 1). M-e ./ Soi 
Chem. hid , i 012 , 31 , 5)81 
o 
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BAIUl^I Ax\D ITS ('( IMPOUNDS. 

l)n)in:ilc.' Tlir dcnsitv is .‘J 22 - .iiul im ll iiim-|)(UiiI AT}:) {* ' U\ 
(■r\ stiillisiiin Ik'I 0 C’ Mini 12 ( . il ni.i\ In olil.iiiicd .is llw dilu diMlf ‘ 
\\ lu M luidi'd si I (niy!\ li.iiiiiin iiih.iU is d( < niiiposcd, i;i\ iii^ liiiviiiiii 
oxide (II ))( loxide. oxidi's ()| iiihoi^eii ;uld»)\\^^^l ' Ii\di<)neM udiieis 
d id led lieid wdli the lormalion orii.iiiiim li\ dioxide.'' 

'J’lu' lieid ol sdlidion oriniiniiii ndiah' is !J I- C.d " il is not 
I'l'iiiai l\jd)l\ soliil)l(‘ III w.ilti 'I'Ik lollow Mill \<iliies lane lu‘('ii loiiiid 
loi tiu' eoiiiposd ion oi solid ions ,)l ditleKad l(‘in|)ei.diMt s • 

'l’nii|)( nitmc. (' n I 2 t t» II |n Js ‘.J T.l IK) i:{l r.(i 171 21 ,') 

(liams H.iiN'O,), pi'i 

dll) I'Miiis solulmii 1 '{ 1*1 ■>«) III 7 7 '17 I'll I'M 27 1 I? i till IS '{ l.i S 

• 

The soliilnlil \ IS diiniiiislied l)\ llie pitseiiceol dannin ihloiide^ 
polassniin ndialc,"* and ndno acid " It is iiicri'.ised 1)\ haimin li\di- 
oxide,'- ijid no d.isu* ndiahs aie loinu'd'' Tin- s.dl is pi.icl n all\ in- 
soluble III alcohol and in iiiosl oroainc sohents '* 

\(|Mcoiis solidiotis ol baiiiiin inli.ile have bet n slinlnd lioin the 
pond of \ lew (irdensits ' boilm/j-poinl."' lit e/'inu-poiiil lo^^< iini> in dilnii 
solutions.'' \ is( osil \ J'* and clcel I le.il eoinliict i\ d \ " 

\\ itli polassiinn and sodnini niti.dcs. b.iiniin ml i ate l.-iirts ,i It i iiai\ 
eideelie inixtiiie at 21 I 1 C • 

.V double salt is loinied with bainiin aeel.ile, l{a( \( ) ,)(( 1 1 (l'( )( )) 
Ml, Or' and one with pol.issinni niti.ite, lid NO ,) . 2i\ NO and 
Ihd'NO,), 2 KN' 0 , II,0.-‘ 

HAlUl'M AND IMIOSPlIOUrS. 

Darilim Phosphitlo, BiljPj,, has been obtained sinnIaiK to 
stioidiniii phosphide b\ lediieinn tin phosphatt with lainp-blaek in 
' I i.inlii , /( (N/// A/(/>/ 1///), ds'll 23, l.i*, 

' I’ll i||'( liti, mil. Hit IsSI. 17, 2 I >') '< (l.iik), oj Maliin 1 M.u iniil.m iH' 

C.i 1 , ISSS pill 

11,11 Kins ,11111 M.u k. / him i'lfm Sii, . I'M', j7, |S 2 n c ibo ( '.ini' ll< \ . '/')/(//•. 
('Ik III So, 1 S 7 ,S. 3^, 27 s. I.' (Vnli. I null Sn, ,hu>‘ lss 7 . | 2 i. 47, ion 
' llii/( I, /'(/</, /V/m/)/ . is-, I. I'l /.(//o*/;,, . ls‘,1 LM 

' IIOMII, null s'f« ]llllll, |s(,(i, j6, Its 
Kiililiii 11111, 1)01 ('hurl yVo/' . ISl 7 . |,>| 20, 2 '{| 

' ri)iiii!^( 11. T/h I iiitii III iiii-^ti If, l-.n.jli'li olilii'ii I L"iil iii.iio. OiHti i\ CiiJ. l!)l)s p ‘{lit 
'' I'll.iid, 1/0/ ( It nil / 7 ///- , IS'll, | 7 !. 2, > 27 , , id'll, .IS l.iosiK I//// ('linii , \V.)\, 

jll ii.lll.'l, N',)i(l,'n,^kii,l'l Pii'f./ \iniiil<ii, Isn'I 136, tn'i 
■' ' l.inl, .1/0/ ('Inni , is'H ! 7 |, 3, ■ 2 s 7 
I'lnlci, Z/ ds)// jihif^ilal <”//,///, I '.ml, 49, 10.5 
" \il,ili /hill ('him b'ltiiii, I ' 11 ) 7 . 46, {l!{ 
ll.ukiiis, / \iiii‘i (hull .S', I I'HI 33, IS.U, 

I’.iisoro ami ( 'nis(,t), //;/(/ , llllu 32, 1 IS .3 

" il \jis ami Sn idn Zrihih filiii'^iiiil ('him l'li:{ 82, ‘17 • 

'■ Kioiiins, i(‘( , /nil'll liv (>'t‘ili(li. '/.ul^ih umil (’him, Isss 27, 2 S{, 82 ')* 

SiiiMs, ;^//^(// jihif^ilul ('hull l'H) 2 . 39, Its (icit.K li, /i' /M/' '/)"// ^ 7 ///// , 1 SS 7 , 
26. 4 H) 

ll.nisiatli, 1/0) yVo/w/, HM )2 | 1 1 , 9, -,ll . < 1 ( <',,ppi‘t, . 1 //// ('him , |S 72 . |i|, 
25, .'ilH 

\\ at:iu 1, 1^/// jihifidnl r/// /v . l.S'.Ml. 5, HI It/,,/ I /////»////, IS, S'l >8, 2 .VI 

knhiiaiis, Il ami (Itiim-iM-n Sihiimfdiu h [hud II /^^ /A/////, I'.KIt 121 -,. Kidilcii- 
l)t*iLf, ,y I'liif^iiiil ('him , I'lOl, 5, U!) , N'ovi', /mthih fih-f'dul ('him, l'»n| 36,7.-) 
llaikins .iiid Cl.irk, / \mii ('him Sm , l'M .7 37, 1 S|(» , 

Liiciiii, Anmliii, IS", 7 , 103, IH 

\\’,illl,Ti(l<jm. Amu ('him . 1 , I'lnl 30, l .',4 K,),>n, dud, I'.IOl, 32, 2)1 KimM/is .* 

Mcifi.iii, ami Moiri--, Tunis Chi'iii Sin . I'll I lo^, 77 'l 
*’ Ijimi', I’lHfij hiriiili’fi, 181)8. 118, 2‘1{ 
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T^HE ALKALINE EARTH ifsTALS. 

the (leetrie furiiju^e. It is a dark-eoloiircd eonipound with a brilliant 
ervsialline liactiirv, and ol density S-lHa. It is not so readily atlaeked 
l)V lea^u'iits as stronliyrn phosphide. It burns in ehlorine at 00" C., 
and in bioinme \a})onr at 200^'- ;J00'^ (’. Water decomposes it in the 
cold with the formal ion of barium hydroxide and e\ obit ion of [ihos- 
phoi('lt<‘(l hydrojronJ 

All impme phospliide is also formed by the aelion of pliosphorus 
vajioiii ^bn barmni oxide.- 

Barium Dihydrohypophosphite, Ba(H2POa).^, is obtained by 
heating baiiiirn hydro\i<le or barium sulphide solution^ with jihos- 
plioriis. It IS also formed bv the action of water on barium ])hosphide,^ 
or by the action of phosphoretted hydrogen on barium hydroxide 
solution.'' It forms lle\ible monoelime needles of the nionoh\drate, 
Jhi(II.d’() winch aie unchanged in air at onlmaiv temperatures, 

and lose walia at 100' ('. * It is soluble to the extimt of 1 jiail in 
.‘J a ol cohl and .‘J of boiling water, but is insoluble in alcohol. Xitrie 
acid translorms it (pianlitatn civ into the nietaj)hos|)hate, and it is 
ib'composcd by potassium h\droxide solution, liberating hydrogen and 
lornung ba'ium and ])otassnim phosplnti's. When strongly heali'd it 
forms the ])\ ro-and mcta-phosp]iat(‘"'m the molecular piopoi lions of 0 ■ 1. 

Barium Ilydrophosphite, 2BaHPO,.H20 or HiBa^P.O^,'' is 
loinicil l)y precipitation of barium chloride with ammonium phosphib*.® 
Jt loses wati'i* between 1.50'^' (’.and 200'' At higher lenijicrat nrcs it 
is deeom[)oscd, gi\ mg hvilrogim, phosphoius, and barium ])vrophosphate.*^ 
Ayhh>dro|)h()s]ihitc’ Ball^fllPOO^.H/),"’ 2 ll 2 ()d’ or‘.*3ll which 
loS('s I molecule of w'ater ol crv.stalhsalion on being dried, is known.^- 
Other ervstallme acid salts of ^arMng eoni])osition are also oblaiiK'd by 
('vaporaliiig solutions of the oidinary plK)S])hit(‘ wit li jiliosphorous acid.’ * 
'Barium Pyropliosphite, BaH^P^Or,, is obtained bylhedi liulralion 
ofthe acid phosphite at 12(^-100" (’.'"* 

Barium Hypophosphate, BaPO;,, is formed as a white pKcipitale 
by the action of lUKtral sodium hypophosphate on barium chloride.^'’ 
Tl IS insoluble m acetic acid, but readily soluble m hydioehlorie and 
phospliorie acids. W'hen heated it forms the p 5 Toj)liosphale.^'' 

By dissolving the neutral salt m liypophosphorie aeul and evaporating 
in the cold, or by precipitating barium chloride w'itli acid sodium hypo- 
phosphate, acid barium hyjiophosphate, Ball.,(P 0 ;,) 2 . 2 ll 20 , is obtained.” 


' iJalidin, (’oiii/it rend , 1H99. 129, 7(12 
Dnnifis. .Li« /V(y.v , 1S2(), f2|. 33, 3114 

' Itohc, J’ntjij An7i(th'n, 1827, 9, 3G4. 

* Wurty, Amuihn, 1842, 43, 323. 

Dulonp, Ahh Ohm Fhi/t, , 1816, 12], 2, 141. 

" \Vinklci. Pogif Amialeti, I8(>0. iii, 143 
' Raimnpbbfrp, ficr., 1872, 5, 192. 

" Hununcbboiy, Pogg Annakn, 1867, 131, 2()8 

* Uprycluis, Ann. ('him I’hjs , 1810, [2], 2, 231 , Ki.iiil, Ainuihn, 187.'). 177. 277; 
Rose, Pogg AnnaUn, 1827. 9, 23 

Wurt/, Ann Cku7i. Phya , 1840, |3|, 16, 211 
*' Amiit, thd., 1891, [6], 24, 311. 
ilose, Pogg An7mle7K 1827. 9, 370. 

RiiramolHbcrp, JahreJ)cr , 1867, 144 , see aKo Wuilx, tor. nl 
'* Ainat, Anyi Cknn. Phf’7 , 1891, [O]. 24, 354 

Sop Itammolsbc'ip, J. Chnn 1892, 1 2 1. 45 , 1.53 

Siil/or, \m 1 alr 77 . 1878. 194, 34 

Sjflzci, tor. cit ; Joly, Co7iipt. 1881). 103, 1197 



At 140° (\ it slowly loses \\ at er of tTvstallisation/aiid at hi^rjicr tempera- 
tures liydropen esc*a])es a^ul burns, lea\mjj bariuiii iuetaj)liospliale.^ 
The salt mav l)e purified by ireryslalbsaliou from \(rN dilufc boiling 
mtne aeid.- 

Burium Orthophosphutes. TtUmnut* * Ba^ 

ina\ 1 )(‘ formed as laige tiaiispaieid |)lal(‘s bt h > 11^11114 lo the 
eubie system, and ol density Id at 10 U\ lusuiir baiitim u\idc‘ 
with sodium nieta|)hospliate at u‘d heat, with or williont sodium 01 
liarmm elilorides. ' It is obtained as the monob\drat(‘ In piei epilation 
ol excess of barium ehloruh’ b\ tiisodmm phosjihale, ‘ 01 b\ disodmm 
phosphate m alkaline solution.’ In the lattei ease excess ol b.iniim 
hvdioxide solution should be addid to prexeiil the tdimalion of .1 doiibh* 
salt.'’ When trisodium phosphati* is iisi-d^i colloidal pieeipitate is lust 
fonned without |)ereeptible heat ehan*,^' Alteiwards, er> stalhsat ion 
takes jilaee with the e\olution ol Iwat. This has resulti'd m eoiisiifi i.ibh* 

\ ariation in tlie values obtained for tin* heal (»l lormatioii.' It is soliibli' 
111 most acids, jj|ivm^the mono- or di-baimm phosphates. Its use ,is a 
pUi:ment has bi>en siin^rested.' 

\ iialur.ilK oeemriu/r baimm apatite, .‘Ilia Hat L, <oiri- 
spoudmy to (aleiuin apatitix has been lound, and can be piip;irul 
artiliei.dh b\ fusing; together banum jihosphale and baiiimi eliloiide'' 
Tiieie are also a bromujiatili’, imi lodapatile, and a lliiorapal ite.'" 

DihaiuuH OtilKipliosphatc, Halir()|, is obtained bv pi i ( ipitat iii^^ 
barium eiiloride with disodium phosph.iti “ It is also loinad by 
the action of phos})horie acid on Iriliarmm jihosphale,'- or of w.dei on 
moiiobarium pliosphati* It Idimsa while ei ysl.dhne powdei, piobabK 
eoiitaimn^ 1 molecule ol w.dei ol ei \ stalhsation,"oi is obtained as flaiiiiin 
monetite m rhombic piisms, ol <lensit\ t Km and I'ontamm^ no walei of 
eiw stalhsal ion.'*'’ 

It is solulile ill .leids, iiieliidine siilphiiioiis aeid,^" and also in solii^oiis 
of ammonia salts. 

Mondhdfuun ()Uhophof>i}halr. Hall |(H(),)^. lorms anhydrous tii- 
ehiiie crystals oi density 2*8 2 when .111 aeid solution ol bainini 
phosphate is e\aporated.*- With hvdroehlorie aeid the double salt, 
tHall,i(J’(),)o.Ha(l,, is formed.'” 

For reasons alread\ mentioned under ealeiuiii and sironiniui 

' NjI/i'i, Aniiahii, iSTs. 194 , .ti 
- .Inly, Coiiijd tdi'l , ISS't, 101 , INS 
’ OuM.iul, 1//H ('Itiin /’//yM , issil, |i>|. i 6 , J'll 

‘ (u'ali.un, l/o(.t/r/i ls:{l, 32 , III , 

' Hiuiimobhcig, ibid , 18to, 68 , 

" \illicis. Coiiiiil H lid , IHH7, 104 , llO.'l. 

' Ik'itliclot, ibid., iSSa, 103 , lilt , >Jn|\, ihid , ISSO, 103 , ll!l/ , |K,S7, I 04 , ITllJ 
^ Bett'i, ./ Soi ('him /«f/ , 36 , ^ 

“ Dt’Mllti find (’iirnn, Ann ('him Hii/'< , IH02, [3], 67 , 171 
Kitle, ibid, 188(J, [OJ. 8 , .720, .7211, .7:31}, sir ;ils.i m)|i /\ii-,ki, XrjtMA uiimij 
Chein, 1894, 6 , 310, Wiiitfi, l.i ij)/ig, 1913, I . J ('hnn Snt , 1914, 106 , 

Abs 11 . 12(1 

-iol}, Compl. lend , 1884, 98 , 1274 , Skev, Cfn m \in', 1870, 22, (51 
hlrli'nnie} i‘i , Jahresber , 18.77, 14.7 (tixdnotc). 

.Inly, U)C nt 

Skoy, lot nl ; Chodiinw, ./ pinki ('him., 1813, 1 1 1, 29 , Jill, 
di- Sc'hulten, Hull Hoc. Jiiiik^ Min., 1904,27, 109 
(icrland, ./ prakt dhein, 1871, 12|, 4 , 12.7 • 

Scliroder, Jahrimbii , 1879, 31 
Kdoiiineyer, ibid , 1857, 147 (footnote). 
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phosphates, very little conlicU iiee ran he placed in the soluhility detcv- 
ininations ioi' the (iinVrciit harniin pliosphatc sd 

Barium Pyrophosphate, Ba^P^O., iiia\ he obtained in oitho- 
rhopihie ])risnis ol densit\ JM) l>\ Insinj; hainnii o\i<l( . pliosplialc, or 
snlpliatt‘. with |K)lassnnri p\ lo- or nu ta-|)liospliaf oi as a w Inie precipi- 
tate l)\ inj\ni<r sodnini p\ rophosphate and hai inin eliloi ide solutions, ‘ 
or IK lit ralisiii^ p\ lophosphorie aeid with hainnn h\dio\ide solution.’ 
It er\stallises I'loin solution with '2 inoleenles ol water.’ It is only 
slight l\ 'fsoliible in w.it<“i, but is .iltael«‘d bv inineral acids. IT heated 
In hvdio^iai. phosphoie(t(‘d h\(ho^(n andotlui phosphoins eoinpoiinds 
are (woKed, and bainnn phosphate is lell 

Se\c'ial aeid pyrophosphates ha\e been sepaiated,’ all inlnsihle at 
led heal. 

Barium Metaphosphate, BaPO., nia\ Ik- obtained h\ dissoKinn 
baiiiiiii eaihonalt' in (Mess ol phosphoiie aeid, i \ aporal ni;^. and 
lieatinn. It roiins a \Jiile powdi-r, which is nnehaii^ed h\ dilute 
aeids .ind by wal<‘r, but is d(eoniposed b\ eoneeiil lated snl])hnrie 
aeid ' 

Polynieiised eoinpoiinds ha\<‘ .dso been olitained, lor exanijile 
baium heiaiiK taphosjihate, Ba .P,0,.,. siniilai to the ealeiiini and 
st Hint linn lu \anu la phosphates,^ andjiossibis othi is '' 

l)<nihl(‘ Satis S(‘\ei.il double phisphates ol tin alkalies with 
haiiuin aie known b.irinni potassnnn oi t liophosphate, Ba^K ,( l’( t , )^,- 
ar with ‘20ll_,(),"' and bariiiin sodinni oi thophosphate, Ba^Na^t l’(),j^ 
ISlI ,0 or ‘JOll ,0; “ liainnn sodnnn ])\ lophosjihale. •►Ba ,P,()- \a ,B,() 
(ill.6, and also the nietaphosphales, XaBa IM )., 1 1 1 ,6, Nil ,Bal\( )., 
ll/),and KBaP,()., I !,(),'> and \a ,B.i{P() ,)„ Sl I ,0." “l raniuin haiiinn 
iiielapliosphate, Ba{t’0^)(P() ,)^, in thin ^Kcn hexanon.d pkiUs, has 
Ikcii isolated'"' 'riuK is also a nniieiak hhiikkik ilt\ Ba()*Jl',()j. 

I',(V^<11 

Basic Barium Phosphates. \ eoinponnd. Ba .(B(),)j Ba(()II)j, 
eorresjiondni^ to (.dennn let raphosphate, has lui-n isolated,*' and also 
the eoinpoiinds .’iBat I ‘jPjO and .‘iBaO It is possible- lh.it 

t hes(' ar(' to be u raided as salts ol pol\ phosphoi le .leids lat Ik i than as 
basic salts. 

' M.il.iguli. b//( ('him , l.S.'tT, 1">|, 51 , :{t() , <1/ 

" lliiM.ud. til . <'<>m]il mill IShS, 106, IV.l'.l 

' S( liw.ii/( iil)cii;. \iiiiitliti, ISt.S. 65, 1 l!{ lie--" l‘t><j<j \iniit(iii, ISJIl, 18, 7.1 
' H(‘''S I /(, ISltll, 18, 7 t 

' I’.ijil, \il,n him Mm (Iml , hl().‘» 2 , 1, Nu (), '•i-c / I 'hi m Siii , M)ll(>, (^0, \l), 
11, S7 

" .Sliiivt', J iinilit ('ll- III , isiili, 1 1 1, 79, .tis 
' Mu<l(li(‘U, Aiiiiiihn, 1847, 61 , 1)1 
^ I (idt-i I, /Ji i/.'f/i iinoi'l (him, I 8 ')| 5, Ilti 

* Fli'itmatai .hihii 'In 1 , ^^\\\. 281. I-'U ilin.inii .md lIcmu-lA-iLf. Aimiihn, 1818 , 65 , 
,518, l.iiidlidiii, III I . 187.7. 8 , 122 

<ti N liidlcii. ('om/il iiml , 188.1,96, 7(M) 

*' d(‘ Sctivdlcii, /(« III , \ i\\\t'i\. Cum /il n ii'l , 1887,104, 110,5 
lliu-i, I’oiiij liiiiiiliii. 1818, 75, Kil 
" landboiUi Hit , 1877,8, 122 
" .aid m-niK-lu-m, [niiiihii, ISIS. 65, ,111 

'* CdIiiiii. ,I/o» ('him riiifi , 1007. |8| 12 , 180 
Wmldci,./ imikt ('him.\>i~~ |2|. 16, 01 
\ oil \\ <i\i /\ I!-.!,.!. mionj ('lnm 1801,6, llO 

''' l‘’t(’ilin.inn and lli-nnobci", Aiiiiahn. 1848, 65, .581 
'• Scliwai/, Zntsch itnoiij. ('Item , 180.7. 9, 284 
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Barium Thiophospliites. Hniiiiin tn11ii()|)h<)sj)liit(‘, H;i i(l*S,).^A 
or witii SlLO, in while microseojin- riioinhu’ prisms, and haimin o\\- 
tliiopiiosphiU', Baj!\S.() SlI ,0. ha\(‘ lu-cn isolainl - 

Barium Thiophosphates. Siwi i.il liai^mm pliosphates m* which 
the owficn li.is hern p.iilialK oi wliolh leplaml l)V sulphur hii\i‘ Iktu 
s(‘paial('(l. Ihirmm hithiophosphalc. Ha ,( PS ^O), 2()l L( ), is ohlaiued 
))\ the action of a solution of hainim siilphuh* on sodium l(‘tMthio- 
phospliatc' It is stahh' w hen <ln . hut is deeomposcil l>\ watci or dilut’e 
acids with t he c\ <iluf Ion ol snl|)hmctl(il Indio^i'n' H\ siThsI il iil inj^ 
haiimn hvdro^cn sulphide loi t h(‘ snlphiih ihccom|)onnd 
ISlI /),' or HILO, * IS I'onncil Ii\ I he action of excess til' hai nnn siil]ihide 
on phos])horns pcntasnlphidc th<‘ comj*>mnd Ha.fPSj^aij has been 
picpaicd in microscopic needh's.- 

Barium Sclenophospliatcs. H\ Ihc adion of phosphoins pt nta- 
s(‘lcni(l(‘ on barium h\(ho\id(‘, oi b\ salmalmu a b.iiiiim h\dro\idc 
solulioii with h\dio!i;cn silcmdc. a whili' micioci \ slallmc powder of 
comiiosilion JiallScd),.! IlLO is olitanicil ' 

Barium Azophosphates, or Phosphimales. ( Vrlain I'omiioimds 
ha\c lacn obtained contamini* both phosphoiiis ami mlio^i'ii The 
rollowini* lornmia' ha\c Incii asciibcil lo them lb> jl* ,0^ 211 ,()/’ 
Hadl,P,N,(),2ll,(),'> Ha\aIl,P,N,()„.l III.O,' and also a siilphiii com- 
pound, HaNPS^ IhO 


inHIlM \\1) \liSKNIC. 

Barium Arsenide, Ba.As^. Soiilx iran old. lined a lilth' aisi nidc 
mixed with aiscmie b\ jiassinn h\dioocii, aiscnidc o\«r barium 
o\id( at led hc.d.'' It iiia\ Ik pi(|>aic<l b\ the rcduclion of l^arium 
arscnati- with c.iibon in Hu* « h i ha luinact '' 

Haiiiim aiscnidi is sh^hlb ilaiku and more fusible th.in Ihe other 
alkahiu- ('ai th arsenides lls(hiisit\ is I I .it I.") C. Its piopi 1 1 les au‘ 
SOUK what similar lo those ol (lu olln i alkaline eailh arsenides, bid it 
IS inoie i'eaeli\e. It limns in IIiioiiik, ehloiiiie, .uni e\en bromine, 

without Ihe .ipplie.il ion ol IkmI In ow^en it bmns at about dlHP 
and III sniphui \a])ourat dull tid heal. 

Barium Arsenites. Baiiiim Orthoarsenite, Ba,(AsO,)j, is ob- 
tained as a white aniorphons p(»wdei b\ pieeipilalino baimin chloride 
solution with polas',iinn oilho.irst iiiU .ind di\ m;* at KMl C. m a i niieni, 
of h\dioL;en Addition of b.iimm h\ droxide solution does not {tixo 
,1 pure e<jnipoimd \n acid salt, B,ill,( VsO ,)j, has also been 
desei ibed." 

' K|ilii)nm .iiiii M.I|Im. Hu , I'.MO, 43, L's'> > 

' I'lpliMiin .mil Sli 111, ihid , I'll I, 44, 'Mil.') 

’ .Sto( k, ibid , I'lUl), 39, Jl)04 
‘ I']{)liMiiii .'iikI M.ijii’i, ihtd . I'llO, 43, 377 

' (JladsluiK, iiitmlf/i, IS'id. 76, .SI, l.s.ll, 77, : 317 , '(*c .iNd Mi iiI<‘, dud, IHH.S, 
248, 2.12 

•’ .Stokes, liiiii ('firiii J , l.S'Hi, 18, 7 .S 7 
' iStokes, dud , IS'll), 18, liC) 

- Soiiluii.m, Inn ('liim Hlu/^ IHM) | 2 |, 43, 117 « 

“ belic.m. //jir/ , I'.XlJ. | 7 |. 2^, 17 a, Cm/i/^/ /. , 1 SDH, 129, 17 

St.l,veull.lg('ii, / piiiLt ('hull, l.SD."), ( 21 . 51, 17 
hlo.v.iiii, J ('hull Soi . lSli 2 , 15, 2 sl 



^ : THK ALKALINE- EARTH ME'^ALS. ^ - 

Barium Pyroarsenlte, BagAsOs^HaO, is prepared by precipita- 
tion Iroiii solutions ofarsenknis acid and barium hydroxide. The preci- 
pitate IS (It led at 100" C. If air-dried, the eompound contains 8 nioleeviles 
ol Avater, aeeordinj]; to Stavenhagen,' and 4. according to Stein. “ U'licn 
tile salt IS strongly heated, arsenic sublimes and barium arsenate is left.- 
Precipitation ot barium chloride solution with potassium jiyroarsenite 
also gi\es the ])\ roarscnite.' 

Barium Metarsenite, Ba(As02).^, may be obtained by warmnig 
barium chloride with a solution of ammonium arsenitc to which acc'tic 
acid lias been added until arsemous acid is on the point of preeijntation. 
I'he precipitate is then diu'd at 100" It is a A\hitc jiowder easil\ 
soluble in water, but it can also be obtained as a gelatinous jirecipitatc 
W'hen a mixture of liarium chlorid(“ and acid potassium arsenitc in solu- 
tion is left to stand a few hours.* 

Barium Orthonrscndtas. Tn hat i urn (hlhoar.senafr, Ibi,,( AsO,)^, 
IS lornied in large colourless plat(*s when barium oxide is fused with 
soduuii or potassium orlhoarsenate and chloride.* A trih\diate, 
Jla_,(As(),),j.:in.,0, IS prepared bv precipitating excess of barium 
ehloridc solution with sodium arsenate, cither cold or warm. A lower 
hydrate, As0,),.,‘}11.^0, which still letains its water at 180' 

has been mentioned. ‘ 

Banuiii clilorarsenoapatite, 8Ba(A.sO,)2.Ba('I.j, can lu* obtained by 
1 using a mixture of liarium oxide, an alkali ehioridc. and jiotassnmi 
or sodium metarseiiali* conlammg more than 00 jht cent of tlu' latter.*’ 
Ilroniiiie and iodine arscnoapalit(*s arc also known.'^ 

The loublc salts, IhiKAsO/ and BaNniAsOi.Ul.O,** huAc been 
jM'cpaird. 

Dihanuin Oi thorn BallAsO, 1120. or barium haidmgeriti*, 
ma}i be obtained lis' treating a fused mixture of barium oxide 
ami pdtassium imdarsenate with water,'' or by the aetion of disodnim 
hydrogen ai senate on a hot solution of barium ehloiide. The preii|)itate 
may be dru'd at 10(f C'.,*” but loses half its water at I'JO ' (.'. It is slightly 
soluble 111 both pi( cipit<mts.'’ It forms Iransjiarent rhombic jdates of 
density 8*l)'20 at 15 From acetic acid it may be recrystallis(‘d m the 
form of oetahedra.** 

A double salt, Ha(NH4)2ll2(As()4).2, has been obtained.'* 

Monobaiiuoi Oithoarsenatc is obtained by di.ssohing the di- or 
tri-barium eompound m arsenic acid and eva])oratmg. 

Barium Pyroarsenate, Ba.2As207, is obtameil by liising barium 
oXide with ])otassium or .sodium metarseuate and extiaetmg with 
anhydrous glycerol.*' In contact Avith cold Avater the hexahydrate, 
Ba2As207.(jll2(), IS lornied,’* The same ery.sta]s are obtained by 

’ 8tavenhag(>n, .7 piakl C7/m., 1895, (2], 51, 17. 

Stem, Aniinirn, 18.50, 74, 218. 

' Kilhol. ibid., 181M, 68, 311) 

’* Ann Chtm. , 1892, [«J, 27, 17 

' Salko\^«ki, ,/ piakt them , 1868, llj, 104, 129. 

“ Lcfovju, Vompt. tend , 1889, io8, lO.IS ; Ann Chun Phij.s , 1892, [61, 27, 17 
' Date, .4wn Chim Phtft , 1886, [6J, 8, 622, 529 

* Ab('Kg, Ilundbmh d anuty. Chim (Hiizcl, Leipzig), 1907, 111 Bd., 3 Al)t , ]). 541, 

“ Ix'tevre, Coinpt. rind , 1883, 108, 1058 

Kot.s( lioubcv, Aiinalen, IB.")!), 76/249 

do WehulU'ii, Bull. Soc. /rang Min., 1904, 27, 1(4 

SchiefeE, Jahtcubet., 1864, 237. 
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precipitation troin barium chloride and sodiiiiii arsenate solutions^ 
With boiling water, b.niuin ortlioarsenatc is Ict’l as a solid, and the 
solution, oil c\aporalion and caliMiiation. f>i\cs barium inclaisi'nati'. 

Barium Thioarsenites. V number ol’ t^limaisenilcs can be ob- 
tained by the action of baiiiiin li\diosulphid(‘ on arsenic tnsulpliide 
under different conditions.- The Ibllowin*; ma> bi' menlioned’ 
BaS.AsjS;,.‘Jll.X), IhiS.OAsjS j, ‘JltaS.As^S .(), in Imo rorms. oiu‘ 
jjrev-oiren and the olhei indi«o-blne, 2 BmS.As^S,, 2 HaS As^Sij lallj), 
lla3(AsS,)^ a while ervslallnu' eoinpoiind insoluble in alcohol, 
Ba,,(AsS ,) .1 tll^O, and Hie p> rothioarsenili', Jta^As haininy a brown- 
red ^MinmiN snbstanee \erv soluble in water. TIuri is also a Ihio- 
oxyarsenili', .')BaS.‘JAs.^S X) OII^O. ' 

Barium Thioarsenates. Normal b.irinm ort hoi Inoai senate, 
BaaAsoS^.hil X), is t'onned l)\ the a< Hon ol‘ barium h\ diosnl|)hiile on 
arseiiie |)enlasulphide as laintlv vtllow, Ihiek, I raiispaniit needles. 
It IS only sliohlly solubh- m watia. b\ which it is decomposed When 
it IS lieaU'd. watei oC eiystallisalion is L»i\eiiofl aiul tln‘ eolimi dit pi ns. 
At liinhei ti'inju'iMluri's il is di'eomposeiM .\ p\ lolhioaiseiiate has 
been isolated.- There aie also o\\ -eompoimds, 1^)1' exaunple 
Baj(As()S,),.r)ll,(),- and Ha ,(»Vs() ;S), hll.O,'' Ha ,(As(),S,) ,.7ll,,()A 
and double salt's, Ha K .\sS, dli HaNaAst) ,S 111 I ,(),’ HaK.VsOS 
711/), 'and Ha.Na..Vs,S,,()..T2ll,'().' 

Barium Sodium Selenoxyarsenate. \ compound ol loimi/i.i 
HaXa \s() jSe.bll/) has been isolated.*' 


HARIUM AND ANTIMONY. 

•• 

Barium Melantimonato, Ba(Sb() 511^0, or 611oO,"' i^ ob- 
tained as a while' el vstalline compound insoluble' m wate'r by the aelion 
ot seielium ant inionale' on a solution of a baiiiim salt " \ sli^hlU basic 

eompouiiel is also known, Ha(()n)^.12(Ha().SbX)^ bll/)).'" 

Barium M'hioantimonites. H\ the action of solulioiis ol baimm 
h\diosiilphiele* anel sulphide' eni antimony trisuljiliide' the Jollowiiifr 
e'onijiounds ina> beeibtaiiu'd • the enlhothioaiitimonite', Ha jSb^.S,, Sli/), 
111 }folden-yellow ('rystals, the ^mcn -yre'cii pvrotliioantmionite’, Ha^Sb^S.^. 
SlI ,0, aiieia ehestnnt-breiwn e'ompounele)l Hie' lormiila HajSl),Sy Kill /).‘- 
Barium Chloroantimoiiitc, SI)C’l,.2HaHH.5ll/).’ ' 

Barium Orthothioantimonate, Ha,, Sb^S„. oil/), is lonne'el,as biinht^ 
yellow ervstals soluble in water, by the action of barium h\ diosiiljihide 
on aiitiinony jienlasiiljihidc. By adding a large exee'ss ol potassium 

' betOeic. Ann ('hu/i. I’hy'> , IWlL'. pij, 27, 17 
^ Nilsoii. J ptulA Chilli , |K7l>, |l!|, 14, tl 
’ Niboii. ibi'l , 1H77, [2|, i6, 0.‘} 

* ZtUich nnvrq. ('hmi . IDll. 70 , 8 <}. 

McChv Hint J^'osU'i, , 1904, 41, 1114 

* Wemland aatl llum|it, ibid . 1897, 14 , 42 
’ M(('d\, ('hem Zed., 1897. 21 , 187 

" (llal'/cl, Zo/sr/j (iiiuiif ('hem, 1911,71,209 
« Kljcl. «fr , 18H9.22,:1044 

.IwMrttc'/i. 1852, 86, 418 
"■ I'ibcl, In, cif , lle'fik'r, lor. rtl 

I’oiiget, C'oMjif. rend , 1898, 126 , 1792. 
l\)Sgialo, ibvl , 1845, ao, 1182. 



•ir)U I’HK ALRALINK KAMTO. 

(.■hlori(U‘ tf) tlic sdlulio?! I hr aMupoimd KHaSWS,.OlL(), (jf K.,SbS,. 

Ibi ,(SI)S|)^.1 mIIj(). is ohtaiiu-d as coloui less ciNstals wlncli darkoii on 
(‘\j)()sinr lo all When licalcd llir\ iiicll and lose uatci.' 


AND VAWDirM 

Ikirium Hypovaiuidiite, BaV |0.,.41L0, or \anadilc, as it is (•all(‘<l, 
alllioMn]|j It do( s not ooi icspond (o llu j)li()s|)liilcs, is obtained .is a 
l)ro\\nisli-\ ellow |)ieei|)ilat(‘, lalliei insoluble in wider, l)\ 1 lie addit ion 
ol bainini li\dro\ide solution to a \.inad\l s.ill." 

Barium Vanadates. B.iinini ortlio\an.idai<‘ (annol l)<‘ sepaialed 
beeaiisi' on lornialion it sjili.s np inimedialeK inifi barnini hydioxide 
and p\ io\ anad.de ‘ Baiiiiin |i\ io\ aiiadat<‘, BiuX’-d)-, is oblaiiu’d b\ 
llu‘ preeipilalion of bainnn (‘blonde b\ sodium oitho- or p\ io-\anadat(‘ ' 
11 IS slinblh soluble m walei. 

B.iiimii mela\an.idal(‘, BaN^O,., k obtained in the torm of \ ellow isli 
I laiispaic III ei\stals. slii*hll\ soluble m w.dei, bv healiim sodnini and 
barmni biomide with \ aiiadie aeid, ‘ oi in eoloinless Iranspaienl pi isms, 
insoluble III w.dei, b\ addin'* b.iimm nili.de m excess lo a boilin'^ 
sohilion ol ammonium vanadate.'' \ moiiohv diab , 1 >a \ )<, 1 L( ). is 

loiined as a lloeeiilent, \ < How ish-w hil(' pHeipilali' b\ tin .letioii ol' lhi‘ 
noi mill potassium oi ammonium 'salt on bai mm ehloridi' sola I ion On 
lo^^ii' slandm^, oi on (livin'^, d becomes ei v slalline II loses praelie.dlv 
all its water at ItSd' ‘200 ('. Alter rusion it solidilies to a browmsli- 
\ ellow ylass.” 

Cen.im Held salts aie known, 2Ba(),.*l\\,()yl III^O, obtanu'd in 
oianj^e-red, transparent, ihombie eivst.ils b\ tin* action ol' a boilnif^ 
solution oi amnioniunv., \ anad.de on excess oi b.iiium nitiide in lli(‘ 
presepee ol'aeetie acid,'' .ind OB.d) .’A ^O,. 

Halogen eonipcniuds eoi ies|)ondm}^ lo the apatites and wanneiites 
h<i\ e been obtaini d 

Baiiuni lluoioxv \ an.ul.d( , B.'l’\ NO .IA is rornud as ,i hiavv, bii^hl 
v ellow, insolubh* powdei bv pu'eipitidm^ baiium lluonde with polassinm 
lliioroxv \ .inadale." 

Barium Metiipervanadate, Ba(VO|)^, is oblained as a lieavv, 
amoiphous, yellow pievipitale b\ Ihe action of a satuialcd solution ol 
aimnonmni metapii vanadal(‘ in :i 0 .‘W per cent. h\dioiien peioxide, 
flee I'lom sulphuiie acid, on baiiuiu chloride solution Mlir washini; 
with hydionen [leio.xide it is diied o\ ei (‘ideium (hloiide.*- 

' l .Lit /t 1, /<//>•( // iinoni ('him I'M 1 . 7 ^, lua 
Kii]i|k'I iUkI ihii/ , I'.iid. 3^. 'tan, .lUn / ('liiu> S<» , lS7o, 

30 , ta.i. will' 1" It .'>11 31 

' M,eia.‘>>'(. 1 I S.ST. 240 , J.{. 

‘ itd'.KH', ,/ f'/iii/i <S'df , IS7I, 24, 'J.i . M'(‘ .il--" t5i i/cini'', /V«/(/ liniiihii, IS.d, 
22 , 4(i 

I- Jhltr, Coiiii)! nnil , IKSit, 96 , J04S 

•’ Ditti! tbid . ISS7, 104 , ITO.'i 

' ltr[/c!iU'>, hi lit 

■' IhiU', Aini^ Clitm /Ve/' , ISSl>, (bj. 8 , .Vli, i it 

^ Udi/clius. liii III , \'>a M.iiici. J K Akitd It e--' II cm iSoU. 21, !5.‘J8 , 

.} piidt ('him IKbO. IM. 8o,;{_’ 4, /of ul , Nudil.ul, /tf / O S7:». 8 , I L’b , Cin.ml, 

Hall Sill ('him, lS7b. [2 1. 25j,r)S, ,{.■)! , IJiis(*nln 1111 , f/w // anoni I'lum, l!Mb, 96, Mil 
1" Dittc, iHff ('him /Vn/s . l.SSl., lb|. 8, r)(l2 . Cnmiit <f m/ , iSSiJ, 96, -Sib. t22l» 

O' Kpliiaiai , inmiif f '/« f/f . 1JMI3. 35 , Til. 
iSclieuci, ibid , 1898, l 6 , 284 
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IIAini .M AM) COIA^MHUAl. 

Barium Columbate. Tlic coiiiiuaiml, 7Ba().()(’l),(),.|.<slI (). lorms 
a tliK'k. wliitc |)iv(‘i|ulalc when flic ( onvspoiiiliiin sodium sail is'ln.ilrd 
Mill) banum chlondo ' 

A {‘olumboxalalc, ABaOCbd), KK A) , ‘JOlLO. is |ucciinlali d l)\ llio 
action oi a solution ol a hainim salt on the potassinm salt. ,0 I h,() . 
(HAOj, or l)\ (lin(‘stin» a inixtiin- ol hannm o\alal< amj 'li\ di at I'd 
coliiinhic acid with o\,dic acid It loinis ci\slals msoinhli in water, 
li\ di ocliloi i(‘ acid and iiitru a<‘id B\ hot acnls it is dcconiposi d, mi\ 11114 
colniiihic ai'id. It is soinhic in w.iim ox.dic acid solution. - 


BAinUM AM) TVNTAIA M. 

Barium 'FaiUalate. B\ I In* action of the coi k s|)on<lniy alkali salt 
on a soInhlc harnini sail, h.iiniin hcxalantalatc, I Bat ) .Tl’a .( ) ,.«;) I .( ), is 
obtained as a soinminoiis whiti* pn < ipit.itc. On hc'iny li(al(d liic salt 
shows strong Innnncsciaici' ‘ 

Barium Perlaiitalate. B\ the a<‘tion ol |)olassniyi pin la,iilalalc 
on hainini cliloiidc in ii(|n( ons^solution a whiti \ oinniinoiis jiu i ipilatc 
is ohlaiiad it is dc<-onip(»scd h\ caihon dioNidc, loiinm;4 Indio'^iii 
pcro\id(' ‘ 

BABHAI AM) C’ABBON. 

Barium (Carbide, Ba(^, w.is Inst obtained in an iinpni< loim h\ 

I cdiK 111^ hat linn c<n honatc with niaonesnim in the pu scnci ol^ i-ai bon. ’ 

01 h\ licalinn <i mixtiiK ol haiinin anial^ain with powdiaid Ciiihon in a 
ciiiu'iit ol li\diomnat led he, it '■ 'J'lie piiie v-oinpoiind is pn p.iied as 
a hhn k cr\ slalliiK' mass ol dinsilx ,‘t T.") h\ h diieiiii^ anfi\ dioiis J>ai mm 
oxide 01 haimni (aihonate with caihon m the eleetiie Imnace ■ 01 with 
t he oxN h\ droneii llanie.^ ils piopei I k s aie similai lotliosi oltlw other 
alkaline earth c,iihidts, hot it is moi<' fiisihle , It n.icts with sulphur, . 
selciiuim. .iisenic, phosplioins. <-hlorine, KMlme, hionmu, and oxm^iii. 

It dissociat('s at tt nip« r.itmes, the melal \ olnt ilisiny and 

leaMiiy cr\stals ol niapliili " When slioimlv Inatid m tlu (Itclric 
Iniiiacc. harmm carbide can he made to take up caihon m sohilioii 

Barium Carbon>l, BaiOO)^ is ohtaiiud as a \illow solid h\ the 
.iclioii ol caihon niono\ide on .» solution ol harmm animonnim m 
aimnonia it is decomposed h\ eontael with air, h\ Inal, or h\ solution 
111 W'at(‘r ” 

Barium Formate, Ba(II(:00)^, is obtained h\ mixmn h.iriimi 
hydroxide and loiniic acid sohitioiis and ,dlowm<* to custallisi It 

' tiolloid, ./ iiuet ('/mil . llMri, 27. I2U> 

* nniiiij CImii , IJIIIi. 31, 7 1 

' Ko.se, Ja/inshit , iSoT, Jh2 

^ .Melikoll ,inil Piss.Lijcwsk^ , Ziit~,ili 11111)11/ ('/mu , 1><!MI. 20, 

' Maqueime, Ann (J/iim I'/ii/i^ , IS'.IH. (<»|, 28, 2.7*1 

Maqueniie, Conipt and, IHU2. 114, III)! . Ann ('/iini /^/n/- . IS'M, (li|, 29, 2J:i 
' MoiHhaii, /'Uirtrir t'lnniin, Knflli.sli li.iiislalion (Willi.uiis \ .NoiumIi), I'MI.S Coniiit 
o«(/, ISnt. 118, fhS3 

Kalm, Coni/il n n</ , IlMlT, 144, 1M.{ 

'' (liii iiiid Ijelcux, dud, IS'.IS, 126, Till 

Kahn, ibid , llMiT, 144, l!)7 
“ Mentiel, ibid., Umj2, 135, 71U. 



fonn'> nu>ri()clinl(* prisms.’ It is very soluble iii 4ater, but the solubility 
values obtained are not eoneordaiit.^ It is praetieally insoluble in 
aleohol, 100 of the latter only dissoKin^ O-OOOIJ ^.n’m* of the 

salt.' 'I’he lree/]nj>-|)()ini lowering in a(jueous .solution, and henee the 
de^iee of dissoeiat ion at dilTerenl eoneentralions, has been delennined,' 
and also llie relVaelivc' mde\ in the solid slate and in solution.’ The 
densit\ ol the solid salt is .'t 212.*' 

Till I'c IS a double salt with eopp<‘r, 2ita{ll(’00)_j.C'u(llC’( l.,(), 
loriiiiii^ lii'Jj'ht blue i‘r\stals ol density 2-747,'’ 

Barium Acetate, Ba(ClI;,COd) 2 , ervstalllse^ from solutions of 
barium h\dio\ide in aci-lie aeid at 0'^ ('. in monoelinie er\stals with 
inoleeiiles of watei, and abo\«‘ C. in (latteiud tiielinie ])risnis with 
1 inoleeiile. It is dehydrated at lid' forming* a siuiw-white 

hard jiowder ol deiisilv 2 I to " Sharji breaUs in the solubility eurv(‘. 
as well as dilatoniet ru* deterniinatioiis, mdieate tiansition points at 
2t-7' and 11" 

i\<pi<’(nis solutions ha\(' beiai slmlK-d from tla- point ol \ a w of 
densil\,'' freezing-point low<‘rm^,‘ and eleetiieal <-on<hieti\ it\ 

The solulalUv in aleohol is onl\ •^li^'lit, O-tKlSa yriii. iii 100 jiim. 
ol so]\ enl 

Aeid salts of eompositum .*tBa(( 11 II ,t'()()ll and 

Ba(t'II jt ()())j.2C'll j( OOH, ha\e been oblauH-d.'- A eoinpound, liat'L. 
i>a(C'lI ,('()()), 2C'Jl ,( OOII, is also known, or, pieferably, on aeeount of 
Its Kehavi()ur,‘Ba('l(C llaC’OOl.tTl .COOlI." 

I3ariuni Oxalate, BaCA),, may be obtained by precipitation of a 
soluble bai'iuiii salt with a soluble oxalate, or by th(- action of oxalic aeid 
on baiiuni liYcltoxide. 'I'bere are appareiith tliU'e hvdiates, eontainine 
.‘1 5, 2, and 0 a moleeuh s of water of er\ stalhsation respect ivelv. h'roni 
solubibtN (h'ternunations it ma\ be eoneludc'd that the (irst is stable 
below '\)' I'., the second b< tween 0 and 10 and the thud above 
10' ('." 

Kohlrauseh determined tin- solubibt\ by elect rieal eondueti\it\ 
iiK’asuremeiits, and obta^m-d \ allies which dilti'red somewhat aeeordinjf 
to the eonditions of prep<iralion The .i\eiaf»e \alue, howe\er, was 
O-TSa milli-eipiis aleiits, or 0 OSS irrm. pi’r litie ealeulated as aiihydious 
salt.''’ The solubility is oreater in ju’ctie aeid than m water, th<‘ 
maximum beiiifi reached in ap})ro\imalely lA' aeid.’'’ 

' St,iiilc>\, (%m Snis, 1510 1, 89, I SKI 

“ I’liilliiiti, Hcbingfoi'', 185)7 . Kuisna-ki, . 1S*I7 8, iSI*) , Manic v, 

hi ' ( il 

' llabtnl.ind, Zea'f/i nml , 1S5)5). 38 , 221 , see iUmi Slanliw , Am < it 
‘ Ciitauic, ZidWi jtliij/siLnl ('him 185)8,27,401 
’ Kuimuuikow . ./ pKiU (Viiin . I 8 S.'), |2|, 31 , U2I 
'■ Scliu,.lor. Hit ,1881, 14 , 21 
^ Sohi'odci, ihd , 1875), 12 , .704 
" WalktT and 2'rmi/i Chem Hoc , 1902. 83 , 173 

“ Fian/., J p>akl CVtcm., 1872, [21,5, 298, anal ( 7tr /m , 1888, 27 , 285) 

Miiclilromcrv, tVjc’d 185)4, 51 , 120 , Kohliauscti and H«ilbniu, //f d/prwwj/ew 

dtr Elektrolyte (11. 11. Teubner, lanp/ig), 185)8 

Hiiherland, he. i it. 
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(tioschulT, llii , 1901, 34 , 3313 , but HIM' .MMU-lmy aSaiSrt'n'"nni. Aniiukii, 18,71), 99 , 31. 

*•'’ KnhlrauMli, Znhch phy-'nkal Cfuin , 1908, 64 , 129; m.‘c ainn 1893, 12 , 234; 1904, 
50, .Sj 5 

Herz and Muhs, Her , 1903, 36 , 3715 
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An acid salt, barium bmoxalatc, lbi{ll(\0,)M ina\ be |)V(‘i>ar('d in 
the anhydrous slate, or with 1 or '1 inoleeules of water of er\ st.illisal lonj 
It IS more solubh' in water than the neutral salt, and is ilet;om|)osi d by 
water unless excess ol oxalic ai-id is |n-esent.“, Kor an\ one ti'inpt'ratiire 
there must naturally be a delinite eoneenliatuni in aeai sail il‘ both the 
solid phases, neutral salt and acid salt are jiresent. 

Barium Carbonate, BaCO_,, occurs natuially as llic mineral 
nUhentr, in orthorhombic (‘r\stals isomorphoiis witli ara^omt(“ and 
strontiamle. A mineral consisting <,»l mixtd eiNstals of baimni and 
ealemm eaibonates, hinijtnvnh ttr, is also I’oniul. 

Barium carbonate ma) be leadilv «)blanu(l b\ prceipilation fiom a 
solution of a barium salt by an alkali ocarbonale, m' b\ Ihe action of 
eaibon dioxide on barium hydroxide solution It can lu' fonnid by 
the union of carbon dioxide with anh>dious barium oxiiU' if the leiii- 
jicratuH' IS raised to about .’laO' It mav also be oblaineil in 

crystalline form liy fusion of barium chloride with sodium carbonate 
,ind extraction with water, or by fusion ol the pieeipitated carbonate 
with sodium (‘hloride,‘ or bv beatiuji' with ammonmin nilrali' or 
carbonate solution m a sealed tube at laO"' ISO 

(onmiereiallN it is piejiared from the sulphate b\ rMuelioii to the 
sulphid(‘ and treatment of, a hot solution of the latter with carbon 
dioxide.'' 

The (lensif\ of witherite is 1 8 t 5, and of the jui'cipitated^ carbonate 
b2‘i The speeilie beat, IS ()•! HS.T'' 

Barium carbonate is more dillieult to decompose than ciUk i calcium 
or strontium earbonati' The dissociation pri'ssiire onh reaclus oiu* 
atmospheie at l.'taO'' when, aeeoidm^^ to Fmkelsleiii, a basic car- 
bonate, BaO.BaCO,, is formed.’" This basi^* carbonate mells bi low' 

C'. It can be fornii'd bv luoloiijfiHl healiiiji at IBiO and it 
dissolves barium oxide and, at lu^fher temperatures, liarmm cailioiiale. 
By exlra])olation the tempi'raliire of (leeomposilion of the basic I'ai bonale 
IS found to be 1 1.) I" 

Le I'hatelier }^a\e tin* tempciatme of fusfoii in an open msmI as * 
Imt this low \ahie was no doubt due to th(' loinialionot barium 
oxide. It only parlialh fuses when heatial at ('. m a curri nl of 

carbon dioxide. The mellm|f-point under a piessure of eaibon dioxidi' 
ajipears to be about ITtO'" (’., when determined b\ <-xtiapolal ion from 
the fusion curve of mixtures of (aleium and barium eaibonates. 
There are tw'o transition jiouils. one at 811' I'., fiom willnrite or 
y-earbonate to /J-earboiuile, a hexagonal form, and the oflur'at 

' and Lenssen, hi. n( , Lnschmidt. ./»//?« . I.Si».'), '{T") 

“ (jiro'-chuff, h( cit 

' Cow jit n wrf , IvSHl, 92 , 1 1 to * 

* liouigfiiis, Ohm , ISSIl, (5], 29, tSli 

’ Ji<)Ut';c()is, Hull Soc. (fiiiu . 1887, |tJ), 47, 81 

" Riwi'Ti', Hull Sor MuUi , 18(H), 36, t.lS , .'^cticuici ihfl . US, sci- aKo 
Liober, Dimjl poly J , 188.3, 250, 89 

" Schroder, Jahic'ihfr , 18,")9, 12 

llejinanll, .-biw Chtm 1’hij‘i . 1841, [3). i, 182 ^ 

* Johiislon,./ Anier Chan Nor , 1908, 30, la.IT , Zfit-^ih aiioui ('him. 1908,62,330; 

.sec also lleizfcld juid Stie[)el. (’bnn Zentr., 1898, ji, 1197. d( Koiciand. Coiujil iirnl., 
1908, 146, 511 , Ilnll, Zeilicfi nnoiif Chem., 190,'i, 45, |82 , Kinketsti'in. lifi , JilOO, 39, 
158.5 . f.miid 1.3flU ZuM, anorg Chem , 191(1. 98, .Tl 

l''jnk(:lfltfjn, lot cit 

" Le ('hatdier. Hull Hoc chiw , 1887, 12], 47, 300 
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i)8‘2° ( ., Irfuii p- to a-l);iriuin uliuL is rc^iilai in (‘r\ slalliiu' 

Ibrni.' 

11 cjiihon (lio\i<l(‘ l»' pjisscd llnon^li n nicllu I alcoliolic solution ol‘ 
barium oxide, barnnn ea^'bonale s(|)aiat<'s in a ^•elalinous Ibim and 
bdiases as a r(‘\ ( rsibli' (‘olloid. <ii\ a eleai solution winch is piaetieallx 
a non-eoiidnetor ()!' eleei licit \ so lon^r as it is not eonijdctch ri(‘('d Iroin 
nu'tlivl aN'oliol “ 

lly the action of sodinin on bannin carbonate, caibon is liberated and 
the o\id(‘ lonncd.* Carbon also separates whem a solid nnxtinc of 
ehloruh' and carbonate is (Icel lolvscel at OaO” (iOtC ’ 

'I’Ik solnbilil\ of barnnn <-arbonafc m naleris\cr\ small, bnl greate r 
than that ol the ol lu r alkahnc^r 711 th carbonates. The lesnlts obtained 
b\ diri'cK'nt no ( st ij^ators aie ralhei xariabh*, as the sohibilitv deja nds 
on the piessiin* ol eaihon dioxide, and IIk'I’C' are piobabU present in 
solution lodiowl ions elm' to lh(‘ h\diol\sis of the salt, and ludro^en 
eaibonate ions owin^ to the formation of bicarbonate H\ eleetiieal 
eondneti\it\ detei ininat ions the* sohibihtx was found to be ‘21- 1111 , 011 .. 
or 1 *212 10 ' eini -mol. pei litie at IS \\ (‘issenb<Tj.j(‘r deteimmed 

the solubility in the presence of a small (plant ity ol eanstie soda 
to suppress tlh- h\drol\sis. and obsdxed a minmnini solnbilil\ at a 
liydro\yl-ion eoneeiil lat ion ol l'*2.") lo'^ <^im-ion per hire.’ With a 
hiufher eoneeni lal 1011 tiu' ludroNide is loipied, and there foie the’ solii- 
bilils IS aii|)aiently ineie'ase'd. 'Hie tine \ahies of the sohibilitv we'iv 
considered to be as leillows 

Ti'mperatiire' ' C. It IS ‘28 ‘27 82 8S 

(iram-moleenle's liaCO, per 

Idle « 10‘ . . . 1 ,T2 I,")? ISO r)‘2‘2 a 00 0 ‘27 

'riu<'se)hibilif \ is inereaseat bv the pieseiie-e of ammomnin ehleiride','' 
preibabh due to the* foimalieni of a double' ehloiide in sohilioii,' aiiel 
also b\ jiotassmm and sodimn e'hloriele's and sulphate's, m.ienr'snim and 
/me sulphate's, and b\ e<il''nim niliate and ehloi ide, all of whie'h pie)babl\ 
brm^ about paitial decomposition eif the' e'ai bonate'.'^ 

Me Con and Smith, working nnde'r pre'ssiiies ol 0 2 80 atmo- 
spheres ol earbon dioxide', loiind as llu* xahu' eif the seilubihtv proehie t 
|ija I 1C()./'|, SI ' lO'*’ at 2.‘>'' The maxmmm seihibililv was 

reaelu'd at 22 almosphe'ie's and xvas 7 8 erni. of baimm bie'arbemate' 
])er litre at 25'' C. Abeive this ))ressnre, tlu're'lbre, it shonlel be' jieissibU' 
lO'Se'parale the' soliel bicarbonate. This eom})omid ma\ appareiilK be' 
preeijiilateei from le'c-e'old solutions of barinm chloride by ammeniiiim 

' iinniff ('hem, I ‘.M 10. 50 , 244 , ('hnn Z> nti , I'll.?, 1 , 111 ( 1 ') 

luid Xe'iiiitmri, linnhcui Znl'<rh . 1 !)IM», i, l(>() , Xi-eil)e'ii; <iinl itiwuld. 
ihid . MIOH, 9 , '-):{S 

‘ llat)ei iiiiel 'rolU)('/k(), Zf't/'f’// aiioiii ('/nm. 1 '.Hit. 41 , 412 

^ Koliliaiise'h .ind lOiso, ZiviUch phtf'^iku} ('him, IS'.Kt, 12 , 241; l'.)U3, 44 , 1117. ne'e 
»ds<) (Jardner and (ie'i.issinioiT, thid , IDOl, 48 , li.!!) . llnllonmn, iljud , 1811.‘i, 12 , 13.“) 

’ Weih^cnbeT^ee'!, Ztit,^rh. phifsikifl (’him, I'lll, 88 , 2r)7 , aes' also Kii'.lei, Zi Il'ich 
(ttiurij eVa)/) , lfl(H),‘' 22 , Oil , Boellaiide'i, Zm/m // phi/sdal r/nwi , 11HK1. 35 , 23 , (lardnor 
and (!i'ra!'''iinoft, loi cit \ 

VoiTcl, J prakl ('hem , JS3(>, 1 1 1, 7 , 4.‘)3 , WiU'kciionle'i, AnunfcH, IS42, 41 , 31"). 

’ Keiiiot, and IVlcimiio. (InzzrUa, I'lllS. 38 , i, .■)32 

e'antoni and (ioKiK'Jia, fhill Soi Hum , IDO."), |3|. 33 , 13 

" Alf('oy and Sinitli, ./ Amn (’hem Soi , 11)11, 33 , KiS, tad ■'oc liodl.indci, Ziitbch 
phyxdal ('him, 100(1, 35 , ‘23 , sec aNo Sc lilnsnm, /c hc/ , IS72, 75 , 7(1 
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i)jcarb()M!il(“. |)i<‘r(‘ra))l\ will) llir addition <•! ijclaliiu' to sl.iliilisc il.’ 
its coMiiiosilioii l)cin^ .i|)|)i()\nn.d( Iv u pii scnU'd 1)\ tiu Iniimil.i 
IJaCO (.1 oil^CO , “ A conijunmd ol conijiosilKin ‘JHaO-^CO^ was 
;l(‘S(-nl)(‘d ))N IIollssln^anlt as loinual ))\ tlir action oi sodinin scs(|iii- 
(■avl)onat(‘ on li.iiiinn chloride * 

A double salt with |>otassiiini caibonalc. Ha( O, K_('(),, is loiincd 
by pi'ccipilation Iroin saturated snhitions of barmni ehlonde and 
potassiiiin eaibonate at loom t(‘m|M lal uk* ' 'I’he same eom|)onn(l, as 
well as a similai sodium salt, ma\ ,dso Ix^ loimed b\ fusion ' 

riarium Thiocarbonate, BaCS,, is obtaiiud as a \ellow mieio- 
ei \ stall] lie |)io(hiet b\ t he ael ion of eai boii disnl|)hid<‘ on bai iimi h\ dio- 
^nl|)hlde,'■ snl|)hide,' or h\dio\\ h\ diosnlplaih','' m a eniienl ol h\dii)iieii 
It IS moie stable than the otlui alkahm larth I liioeai bonati s. is iii- 
sohible 111 alcohol, and slielilK soluble m water, loiniine a iid solution 
which dissoKes one atom ol siilpliiir pv i molecule of salt. No solid 
pertliioearbonate has. howe\ei, Ikm n isolatid. On (vapoiation ol Ihe 
solution, ovidation iukis place with I hi loiiiiatioii ol bainini I hio- 
siilphati '' It IS also obtained in a ludiatul loini. ei \ stalhsnii' in shoil 
piisms, b\ Ihe aeiion of siinliohl on baimni h\dio\i<h and eaiboii 
disulphide III th( ])i( s( nee ol wal i r 

Barium Percarbonale, B^i(IO|.aq., is oblaimd as a liuhl mHow 
com poll I id b\ (‘oolui<> a sns|)( nsipn oi solid ion of bai mm pi loxidi I o <) ( ' 
and tieatiny with e.iibon dioxide, the pi loxide bi m^ alwa\s in i^\( i ss 
It IS h\drated. and is not lo be neaidid as BatOjILOj. bei.iuke 
iieithii alcohol noi ether exiiaets h\diojien peioxiiie fioni il. and it 
onl\ L>i\i',s up In'droeen peioxide slowle on lieatment with wal-ei It 
IS a eoiiM nieiit leaeriil loi the pieparatioii ol nential I.Mlrojicn pi loxide 
by treatiniut eithei with water or with an .leid jirodneinn an insoluble 
baiiinn salt 

Barium (Jyanide, Ba((iN)^, is fomied b\ jiassme aiih\dioiis h\Nlio- 
(wanie acid loei eooli d b.irmni li\ dioxide ei \ stals. and dissoKes in 
the watei id' ei \ stallisation of tin ludialid bai\la With aiiludi'oiis 
barmni oxide or Indioxidi too \iooioiis a iiaulion takes place and 
the e\anide is di‘eom|)i)si d Piismalie eixstals of Ihe dih\(hale, 
Ba(C \)2 till ,0." nia\ be obt. lined b\ addin}» a sliohl excess ol h\di’o- 
e\anie acid and e\a]ioratme m tfiruo in piesenee ol siilphinie acid and 
a small ipiaiddx of eanstie potash Thi\ aii* delnpieseeiit and iiadilv 
ileeomposeil bv the eaiboii dioxide of Ihe air ()\er snl[)lmrie acid 
in KKKo the nioie stable monoluihate is obtained, and tins ma\' be 
compliteK dilndrated b\ a slow einiinl ol dr\ all. (list at 7a ' C., and 
then at 1(10' (. The aiilndions salt is while and \ei\ In uroseopie. 
It is also \ery soluble m water, eielil parts dissoKino in tin ol water, 

' Kcnci ai)i| .M( Masli'i, ./ Jiiin ('litm S<)< . I '.IDS. 30, 1711 
- Kenci and LimmU, thid , llXlS 30, 1711 “ 

' UmismiiiTjiult, Ann Chun , IsJ.'). | 2 |. 29, 2 sS 

’ Dalt-H and Mukherjfii, /'rw Chnn «S'<x , I'M.’I. 29 , ISI . Initio liain'. mnl, 

I <11 2. 154 , 279 

' ]jc Cti.itclift. rend, IS'lt. 118 , 117 

'■ ^'(■(lnliln, ('hem Sor , 1921, 119 , IS 

Tlicnard, ('oinpi, icnd , IS7I. 79 , •l7.’{ , Hn/cliii' /''«/'/ \nniihii, IhJii, 6 , 
IN 

Vi'lc.v, Tuu\s chnn ti<n , ISSli, 49 , HTS f 
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W olironstein and Pcltni i. lin , 1908, 41 , 277 
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and fairly soluble in alcohol. The heat of hydration to the mono- 
hydralc is 1 ‘)l t'al., and to the dih\ (Irate 3-17 Cal.^ 

Hariuni eyanide is also Ibnned by the action of .carbon monoxide 
on b'aiinin mtride,- b\ the calcination of barium fcrrocyanidc and ex- 
traction with water, ^ and by the action of cyanogen gas on barium 
amalgam.’ Ibirc barium cjanidc may be prcparc'd by suspending 
finely iiowdered barium hydroxide m light ]K‘troleum and adding an 
emulsion of anhydrous hydmeyanie acid m light petroleum.^ It fuses 
at aliouf ()()()' ('. and is rather volatile. 

Hy [lassing nitiogen o\er liarium carbide heat(*d to redness m’iron 
retorts, aliout JIO pei cent, of tbe carbide is eonvert(‘d into cyanide, the 
rest forming barium eyanaiufde Hy fusing with sodium earlionate the 
remainder of tlie eaibon is taken iiji and eyanide formed.*' 

When the e\amdt' is healed to C. in the pivscnee of steam the 
whole of the nilrog<‘n is (wolved in the form of ammonia, lea\ mg baiiiim 
fiirinatc,’ Ha(C'N), . UI,()--1ta(II(00)2 ! 2MI3. 


The eomiKuind Ha(('N)(()('II.)).C'Il 5OII is obtained when hydro- 
eyanie aeid is passed into a methyl alcohol solution of barium oxide. 
It lokes aleo^iol at lOO" ('., and at still higher teiniieratures forms tin; 
basic eyanide, JlnO.HafC'N)^.’ * 

Aqueous solulioiis of barium eyanidp dissoKe insolulile e\amdesof 
some of the heavy imtals forming crystalline double salts for example, 
n!ing(t'N),..‘llL(j III m-edles,''* 2Ba(('N)a.alIg(CN)^.2;Ul2() in trans- 
parent oetahedra,’’ and Jbi(('\),.llg(('\)2.HgI mGIKO ; ))arium man- 
ganoewuiide, Ha.,Mn(('N)y.’' barium nianganievanid(‘, Ba.,| MnfCX)^ 12^“ 
baiiuni manganese manganoeyaiude, l{aMn[.\ln(t'N)^],' ’ and also a 
double manganoevanid(‘ of baiium and ]>olassium ; barium eobalto- 
eyanide, lta2(b(('X)<i,^ind an unstable liariuni ehromoevamde,’ ’ and 
also'a barium ruthenoevanide, Ha2Bn(('X)„.Gll20.” 

Barium Cyaiiamide, BaCN^. The (ormalion of barium eyaiia- 
inide along with eyanide by the action of nitrogen on barium carbide 
has already been meirtioned. Absorjition readily takes ])laee at TOtf*- 
800 " A mixture of barium carbonate, or oxide, and carbon can be 


' .hiaiiriiH, Jiui ('him 1‘hi/.-, . 1H,S2, |r)|. 26, 482 

- Maqiiciino, Compl, umi . ISJI2. 114, 220 , Hull. Sm'. ihim., 1<S?)2, |:{|. 7, :{(»() 

‘ Soiiul/,, ./ pnrkt Clu’m , ( 1 1, 68, 257 . sec also Kwan ftinl \a|m-i. ./ Sm ('In m 

I ml , 1918, 32, 497 

* Dioclihcl, ./■ prakt , ISHO, |2i, 21, 77. 

, ’ Kwan an<I Napict, /rw of 

” Kilwoiii, nmji'u' ('him. 1 9o:{. 16, 583 , MaiKuciitte aiul Soui<l<'\.il, ('ompt 

rend , 1860, 50, 1 100 

’ Muipni'iitto and Souuioxal, loi nl , l’«»lla, .4n« Chim apphcaki, 1914, 2, 80l, s(‘o 
,/ ('hem, Sne , 1915, lo8, Ahs i, 58 

” (li'o.ssraan aiul vnn dor For.st, fki . 1901, 37, 4 Ml 

* Jaekson.'iViarwj I'rnir . IK8(>, l, .850 
Varot, <^mpt rend , 1895, I2I, 499 

Eaton and I’lttig, 1868, 145, 157 ; iVsranips, Chtm l‘hi/s , 1881, [51. 

24, 178. 

Eaton and EUtiy, hr. i li 
Dohearnjis’ loc. at. 

][o\K‘, C'knn iS'or , 1896, 18, 986 Eoi baiium platinocyanalo and ferro- 

and foiTi-oyanidt's soc Vol, IX of this I’aits I and II For fuither information on 

barium <'yanido, sec Wdliamfi, The VhrmisUij of C'patiogrn ('omjmund'i (Cluirehill), 1915; 
Kohler, Dir InduMur der CynnrirlnndiiHgcn (Biaimselo\oi((), 1914, Eidral and Taylor, 
(JatalymM in Theory and Prartirr (.Mar-milhin & (|o ), 1919, p 240. 

Frank, Tinns. Faraday Soc., 1908, 4, 99 
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siibstiluted for tlic (virbidc'.’ Absorption lluMi bcjriiis a little abo\e 
000 " (\- It is liuoured by the jm'senee of ealeiiim chlo! ide, ‘ and .iddi- 
tioii of bai'imn elilondo seems to facilitate it a little at low U’nijiK'ral ores, 
but to decrease it at lii^li.' On the whole, barnii;i chloride <leereases tin- 
projxirtion of evanamide.' 

There seems to be doubt as to the effect of lemperatme on the 
relative proportions of llu* two substances formed. Veeoidmji to 
Kiihlm^ and HerkJiold tlie pr(t))orlioii of e\anamide deereas^-s with 
ns(‘ of tem|)eratiire, ' but Kwaii and Napier “found that fusion ol harium 
cyanide results in tin- formation of barium e\anamide, the amount of 
tile latter depending on tlu' dmation and lempeiatme of lualinn, the 
presenei' of lineh disided non also merea'^nji the pioportion ol cN.in- 
anude. Tins supports tlu' statiiiient of Askenasv ami tiiiide thal <il 
l.'JOh" 1 100"' C'. eyanid(‘ is first formed, and this at still hi^liei tempeia- 
turcs ^i\(‘s eyanamide, the latter process beinj* also l,i\oined l)\ a 
sliortaj*e of carbon •' 'I'lii' e(pnhbrmm can no iloiibt lie approached 
from either sid(‘, hut tlie vari.ition m the position of ((pnliln mm with 
temperature lias apiiarentlv not Ix'i n \er\ caieliilh studied Fusion 
of the esanidc-evanamide mixtuie with potash oi soda also <'onw*rls 
the whole into evaiude.’' ^ * 

liarium evananudi* may alsiwbe obtaiix'd b\ Insiiii; barium e\anale ’ 
H\ passing carbon dioxide into an iuiueoiis solution of barium c;san- 
amidc, pr(‘|)ared ))\ dissobine barium hvdioxnle m a solution ol (‘Nan- 
amide, (iltiMina, and adding more evanamid(. a hca\ \ , »ramilai, eivslaf- 
Ime |)reeipitale of composition ^(ItaCN^ (’()j)..’JlLO is readily obtained '' 
Barium (Jyanatc, Ba(CN())2, mav be picpared bv adding idcoliol 
to a solution ol a mixliiie of potassium eyanate and barium acelatt', oi, 
mor(' rt'adily, by luatiiie barium e\anuiale unt'^ d melts, when il is 
eon\eil('d into barium evanate The salt crystallises m jirisms, ^ind 
its solution (le(’ompos('s on boihnj; with lormalion ol urea and baimin 
earbonate.*'' 

Ba(C'N()), i inU) BaCO, |-(Ml.>) A'O. 

Barium Cyanurate. An acid sall^ Ba|H2(('N())jlo -HAb may be 
prepared by the action of a hot solution of c\anurie acid on barium 
hydroxide. It is only eomjiletely dehydrated at 280 " F. A salt w'llh 
a iK'utral reaction, of composition Ba2lIl(C'N())5|_j is also obtaimxl 

as a crystalline |)reeij)ilate by the addition ol c\ amine acid to an 
ammoniacal solid ion of barium ehloiid(‘. It only be^ons to lose w.der ^ 
at ‘iOtf F., and at higher tem]X*ratures it evohes ammonia and evanie ' 
acid, leaving neutral barium e\anale 

Barium Thiocyanate, Ba(CNS) 2 , is impared by boiling tlu' 
cuprous or ammomuni salt Nvith barium hydroxide solution. It crystal- 
lises in long shining delicpieseent needles with 2 molecules (d wate r ol 
^ und ('oinpt icnd , 1800. 50i Hail, Kuhhng, lict., 1907, 40, 

310 , Askenasy and (Iiiido, ZeiUch Elekhochnn , 1922, 28, 130 
® Kwaii and Ncapu'J, J. Soc. Chem. hid., 1913, 32, 407. 

® Kiihhng, loc cU. 

* Kuhling and Binkhold, lin , 1908, 41, 28. 

Askenasy inid (inidn, toe cit 

*’ Frank, lo< cit 

’ Droc'hsel, ./ pruU Chem., 1877, [2J, l6, 200. • 

» Moyer, ibxd , 1878, [2], 18, 419. 

• 0. and J Masson, Zeitsch phijmkal Chem , 1910, 70, 290 
Wohler. Annalen, 1847,62, 2.51. 
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crystallisation.^ It can also be formed by the action of thiocyanic acid 
on barium carbonate. 

It loses its water of crystallisation at 120° -130° ('., or at ordinary 
temperatures over sulphuric acid.^ It is very .soluble in water, 100 c.c. 
of a solution saturated at 1.5° C. coiitaimnpf 103-7 grm. of the 
anhydrous salt. 

Various double salts ha\c been isolated— for example, KaTIg(CNS)4 
and Ha[IIg(CNS)3]„=» Ba(CNS)2.2Hg(rNS)2. 111,0,“ Ua(CNS)2.1Ig(CN)2, 
Ha(CNS).,.2llgHr2.r)ILO, and BaZn(('NS)4.7lLO,‘5 lla3Cr2(CNS)i2. 
16ll20,« and Ba[(CrNll3)2(CNS)3l2(CNS)2.’ 

Ilarium thiocyanate forms comijounds with ethyl alcohol, Ua((’NS)2. 
2C2II5OH and JlafCNSl-.C^HrOII, and also one with methyl alcohol, 
Ba(CNS)2.2CIl3()II.- 

Barium Selenocyanate has also liecn obtained liy dissolving barium 
carbonate in sclcnocyanic acid.* 

BARIUM AND SILICON. 

Barium Silicide, BaSi.^, may be obtained similarly to the calcium 
and strontium silicides by reducing a mixture of barium oxide and 
silica by carbon in the electric furnace,'' by heating togctlier barium 
oxide and silicon,^" or by combining bariiim and silicon diri'ctly.^^ With 
dilute hydrochloric acid, silicon hydride is evolved and silica deposited. 
The phj^sical and chemical propertu-s of the comjioutul art' similar to 
tho.se of strontium silicidc, but the former is more readily attacked by 
rcageids than the latter. 

Barium Silicates.— Barium silicate occurs in nature under the 
form of various silice aluminates, such as hannotome, brewstcriii', and 
haii'Uifehpur. 

A barium orthosilicatc, BaaSiO^, melting at 1750° (’., has been 
mentioned,'- but it is probably not stable m contact with vvatci.'' 

Barium iiK'tasihcatc, BaSiOg, may be formed by fusing a mi.xture of 
barium chloride and carbonate with silica.*' It may be obtained as 
the hydrate, BaSiOg.lIjO, by .precipitation of a soluble barium salt 
with an alkali silicate.'* A hexahydrate has also been dcseribcd, 
prepared by the action of barium hydroxide solution on sodium silicate 
or colloidal silica. The heat of reaction of di.ssolvcd barium hydroxide 
with colloidal silica i.s 8 Cal. It is probably decoiiiposed by water, 

. but the decomposition is prevented by the presence of barium hydroxide 

^ Trherniac, Ber,, 1892, 25 , 2027 , MciUeadorft, Vwjg. Aimakn, 1812, 56 , 08 

* Tcliorniac, he, cit 

* Jtoscnheim and Cohn, Ber., 1900, 33 , 1111. 

* B<)ckinann, Anmlen, 1877, 22 , 163 ; C16vo, Ball. Boc. chim., 1875, [2J, 23 , 71, 

® William'e, The Chemtstry of the Cyanogen Votnpound,<> (Churchill), 1915, p 194. 

® Rossler, Aniuikn, 1807, 141 , 185. 

’ Nordenukjold, ZeiUck, anorg. Chem , 1892, i, 134, 

“ Crookes, J. Ghem. Soc., 1852, 4 , 19, 

* Bradley, Uhem. News, 1900, 82 , 149. 

Goldschmidt, J. Chem, Soc„ 1908, 94 , Abs. li, 1037 

Ho\iig 8 ohinid, Monatsh., 1909> 30 , 497. 

J&ger and van Klooster, Spre^aaal, 1919, 52 , 266, see J. Soc. Ola^s Tech., 1919‘, 
3 , 234A. ^ 

c “ Jordis and Ranter, Zeitsch. morg. Chem , 1903, 35 , 82 ; 1904, 42 , 418. 

Bourgeois, Phys., 1883, [ 6 ], 29 , 446 ; Hedvall, Zetkek anorg. Chent.^ 

1916, 98 , (57. 
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m solution.^ iiariiim silicate is formed on the walls of glass vessels? 
containing barium hydroxide solution.- 

The anhydrous mctasilicate forms small crystals siio\\mg a neak 
double refraction. Tlic density is t and mcMino-pomt KiOT t'.‘‘ 
The heat of formation from barium oxide and silica is ('<il.^ 

The metasiheate is not isomorphous with calcium oi slronlinm 
mctasilicatcs. Witha-calcium metasilicalc it forms a doiibh' compound, 
2CaO.Ba().3SiO^.'' 

By treatment of hydrated silicic acid, or powdered (pl!irl/„ with 
barium hydroxide solution, or by boiling barium metasilieale uilli water 
for some time, a number of hydrated acid silicates may be obtained." 
Crystals of barium disiheate, BaSi2()5, Ij^ave been obserxed to separate 
in optical glass in the form of hexagmial plates.’ 

\ compound, ‘iBaO.aSiOo, which forms a complete series ol solid 
solutions with the disilieates is also known.'* - 

The use of barium silicate as a constituent of glass has alnady been 
mentioned.” Tts employnu-nt was first suggested bv Dobereincr in 
1829, and its effect upon the pro|)(Tties of the glass is much the sanu‘ as 
that of lead. It gixes a higher lefraetixe index and greati'r brilliancy 
than lime alone, and it has the additional adxantage o\(g lead of being 
unall'eeted by the products of (imibustion m the furnace.'' 

With barium aluminale *a cement may be formed of composition 
2(Si()2.2Ba()).AI,(),,.2BaO. It sets hard with water, but, al'ler some 
time, it s])hts, becomes soft, and deposits crystals of barium hvilroxi^e.*® 

Barium Fluosilicate, BaSiF,,, is oblanied by precipitation of a 
liarmm salt with liNdrolluosilieie acid." It forms mieroseopiy iiet'dles 
of deiisitv l-•28 at 2F’ It is not \eiy soluble in water, ou(‘ pint dis- 
solving m 3781 ])iirts of w'ater al 17 5'' and m 117i5 parts al 100^ C, 
It IS piaetieally insoluble in aleohol, but dissfflxes willi decomposition 
in dilute bydroehlorie aeid. On ealeination, silicon lliioiule is grten off 
and barium lluonde remains.*^ 

BAHIUM AND TIN.* 

Barium Stannate, 2BaO.SnO.2.10H2O, is obtained m the form of 
brilliant pearly leallets by the action of a solution of potassium slannate 
on a saturated solution of a barium salt or of barium hydroxide. Like 
the calcium and strontium c’omixmnds, it is insoluble in water but dis- 

' Le Chaii'hci, Hull Si>r cfntii , IMHl, 12), 42, 82, Coinpl KUtl . 1881, 92, IKll , Ah 
SiluL et h.H lililicutis diet maim cl Kib, I’m is), l‘H l, [i till ; sec aluu Walil, ./ ('iivui, Soc., 
1902, 82, Ah'! n, .901 ; vim Bemmi*lpn, ’Anlscli. anonj ('ktni , bMKl, 36, 392 , ihtd., 

400 

* J’lsuni, Compl. rend , 1870, 83, 10.7(1 

' Jager and van Klonster, SprerhMuul, 1919, 52, 2.’>li, hcc J Hoc Whsv TaIi , 1919, 
3, 234A. 

* Lo Chatclier, La Sihee et lea ( Hoi inanu ot Fib), 1914, p, .72 

Eskola, Amer. J. Hci., 1922, 17], 4, ,331. 

* Jordis and Kanter, Zeitsrh. anotq. Ohem.t 1903, 35, 118, 330 ; 1907, 43, 314. 

.. ’ Bowen, ./. Wash. Acad. Sci., 1918, 8, 20.7, mt ./. C/iem Hoc., 1918, 114, Alw. n, 
198. 

" See Calciiiin, under dlass. 

* Silverman,./. Hoc Chem Ind., 1917, 34, .399. 

Zulkowski, ibtd., 1901, 20, 990. - 

Cay-Lussac and Th^nard, Ann. Chim., 1809, (1), 69, 214 
Stolba, J. prakt. Chem., 1807, [1], 96, 22. 

JJitte, Compl. rend., 1883, 96, 70i. 
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solves in cold hydroeblori(‘ or nitric acid, foriniii" ii clear solution which 
gelatinises on heating. 

llotli a, eldotoslannite, HaSnCl llL^O,' an<l a elilorostannatc, 
lIaSn('],, 5lL(),- are known, and also a llnorslaimal<‘, llavSnr,...‘lILO,'’ 
and a tliioslaiinali , H.iSiio j.SlI/). ’ 

HAHIUM AND LEAD. 

Barium Orthopliimbate, Ba.PbO,, is olilained as a hl.iek eoni- 
ponnd liy gentl\ lieating lead oxide with hariiiin oxide oi hanuin 
car))onat(‘ in an at hriglil red li(‘al. It is insolnhlc in water, hut is 
(K'coniposed 1)\ long eontai-l with il With livdrochlorK* aeid it gives 
ehloriiK', and with otlua aeids lead peroxule 


BAHU'M \NI) TITANIILM. 

Barium Titaiiate, BaTiOj, has hei'ii ohtanu'd in an aniorjihons 
I'orin h\ iK'ating liariuin llnoiow tilaiiate Hv heating together 1 ilannini 
oM(h', liariiinwarhonate, and hanuin ehloi ale, hrilliant, si rough relrael- 
ing, vellow', enhie er\ stals, of (h'lisil v .■) (M and eoinposition ‘illaO .‘ri'iO „ 
aie ohtaiiK'd." ‘ 

A hariiim lliiorlilanali , BaTiK,, X).^ is know n, and also a nal inal 
silieot itaii'ale, hnutoitc, HaSi .'riO,,, in heaiitiliil, lu'xagonal, sapphii ( -hliie 
prisms.^ 

Bari|[im Pertitanale, or Barium Peroxide Perlitanate, BaO^. 
TiO.,.5HjO, isohtained h\ lhea<‘tionol soiliiiin ptilitanale, Xa/l^TiO,, 
on fiaiiiiin eliloiide. It loiins a \ohuninous \ellow pU'eipilah' which 
nia\ h(‘ dried o\ ei snlphfO le acid. 1 1\ drogen peroxide is liix iated I'loin 
It hy (hint (' siilphni le acid, indieat mg t he presiaiee ol Iheharinin peroxide 
struetuie, and with hydroehloi le aeid chlorine is evohed '' 

Barium Fluoroxytitanate, BaTi()_>F,, or BaFjj.TiO.Fo, is ]>re- 
pared as a (loeeiilent precipilati*, sohihle in acids, hv treating a sohihh* 
hariiiin salt with aininoniuni Ihioroxvlitanate.^** .\ vellow siihstanei' ol 
eoinposition dlhiF^ ‘i'riO^F.j is prohahiv also loinied at th<‘ sanu' tinu'. 


BAUir.M AM) ZIIUONITM. 

Barium Zirconate, BaZrO.,, is obtained hy rusing zneonmin oxide 
with hariuni hydroxide. .M'ter treatment with water and (iiliite acetic 
aeid a fine greyish-wlule powder, easily soluble m hydroehloi le aeid, 
is obtained." Barium chloride may he used instead of the h\ droxidc.’- 

' TogHitik* {'amid itnd, ISt."), zo, IIHH 
' ].v\vv, ('him . IS4H, l6, 

' Kmioli, Monut/ih., mot, 25, 1KI7 
' Pittr, Compt KUtl , IS82. 95, OH. 

“ KassiK'i, Aich I^liunn , ISOO, 8, iOtl 
" Piccini, (riizietta, ISS7, 17, 47S) 

" Compt tvnd , 1880. 103, 141 ; Bull Soc rhim , 1880, 12 1, 46, 202 

" Stijohwky, (inonj ('hem, 1912,73,308 

* Melikiill and I’lssarjcwfikj . Ba., 1898, 31, tklS 
Pia'ini, U>e. cit. ; Jnhihbu , mH.*}, 549 
' " VrnaOlo and riarko, / Amr Chem *SW., 1890, 18, 434 
'* Onviai’d, Compt* rend , 1891, 113, 80. 
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Hy mixing^ solutions of bariimi (“hlorido and potassium lluor/jrconate 
a prci’ipitalo oC composition .'tU.iFj.l'ZrF, 211/) is obtained, but tins 
may be either a eonipound or a mixture.’ , 


HARIFM AND ROUON. 

Barium Boride, BaB(,, is olil.nned bv Jieatm;,^ tood Ik i-. m iIk^ 
elei'tiie furnace, barium borate, alimiinmm. and carbon It is niori' 
readily prejiaied than slronlmm and ealemin borides, the \ields Ikmii^ 
lar^^er and of ^rreatiT |)mity.“ Us di-nsitv is 1 ;t(» at ].>' t'.. and in liaid- 
ness it lies bet weiai diamond and i iiby or yuail/. Itseliemieal properties 
are similar to those of ealeium and slronlmm borides.- B\ the ai'lion 
of ealemni on baniim borate a inixliin* of the two borides is always 
obtained 

Barium Borates, (lueitlei studied lh<‘ fiee/iiijf-poml eiini's of 
mixtures of baiiuni oxide and bone anhulride and came to the eon- 
ehisiou that the follow mj> eheniK'al individuals exist tlie orl hoboiale, 
dBaO.lLD), the iiyroborate, 2Ha() B/),, m a ervstallme mai lilt -like 
mass, the inelaborate, BaO B^D,, ei vslallisni}; m Hat |Aisms. :fnd the 
biborate, Ba(). 2 B 2 ()i, which ihns not readilv ei \ stallisix ' 

Ih’eeijutales of varym^^ eoni|)osiNon aie obi. lined bv miMiig sohilioiis 
of borax and a soluble baiiiim salt, or bv I hi' mtiaaelion of baiiuni 
hvdioxide with bone anhvdiide’ The\ are soluble m solulion^ of 
ainmoma salts, and the action of carbon dioxide has also been sliidied.'* 

The svstem BaO B^O^ Il/> has been mv <'st i^raleil bv Sbyi^i. who 
eonlirmei! the existence of the followin;( eompoiinds : BaO. It, Oj. Ill/), 
2Ba().;tB/)/iII/), and BaO.ltB/'), Til/).’ 

Barium Fluorborate, BaBF-.ill^O, is olfTamed bv <'\ apoial ion of 
a solution of barnmi carbonate m excess of lliioiboiie acid It*loims 
ipiadralie pi isms soluble m water. 'I'lie vvatia- of ervslallisal ion is 
lost at to 

Barium Perborate, Ba(BO,)^.7JFO, is f(frm<(l as a wlub' lloeeu- 
leiit |)r<‘ei|)itale by the action ol sodium pirborate on barium chloride 
at 0 ’ ('. It deeonijioses hvdioehloiK* a<‘id with the evolidion of 
ehlorine, and leaets with sulphuiie ,ieid ju’odueinj’ baruini siilph.ile and 
hvdroj^eii peroxide.'' 

Bv the act ion of bone acid on hvdrated barium peioxide a eonipound, 
BaB/) 5 .;tH/), IS obtained."’ 

^ .Marigiiae, Jn/i Chxm /Vn/J., (.’ij, 6o, J7!l 

'■* Moi'^sau and W'iIIi.ihh, f'ompt. ttnd, IS'IT, 125, (>2‘J , MtHsvm, Klutm hnuatv, 
taigbsh tran'^lalioii OViHiams & Norgatc), 15)()S 

'* Wt'dukind, Bii , I'.M.'l, 46, ISS.j * 

* IJuortlfT, ZeitMh anoiy ('firm, ISlUt, 40, ItllT , ''Or al.'.u IkiifdikK Bi t . IWTI, 7, 

703, Ouvrard, Compt r(vd , 1901, 132, 2.')7 , Dittc, thid , IS73, 77i ^92, |{lu\aiii, 

J Chem. Soc , 1802, 14, 147 

® Rose, Bogy Annakn, 1S.>2, 87, 1; Ann. (Jhim Blur, 1S83, [.>J, 30, J48 ; 

Laurent, AnnnUn, I80O, 76, 203 

* Moise and Horn, Amet. Chcni J , IflOO, 24, 10.) • 

’ Sboigi, Atti Jt. Ac((id. Linci'i, 1911, ir)|, 23, 1 , 030, 717, 8.)4 , mu- .'ilso^Altcihcig, 
Bull. Soc chim., 1874, [2], 22, 3.)0 , Ztiltuh anoitj CApm/ , 1900, 48 , 372 , Lcm .irid ('a«- 
tollani, ,1/0 7? Accad Lincej, 1908, [6], 17, ii, 013 I 

* Rtiizelius, Poqg Annakn, 1824, 2, 123 

» MchkofT and Pisbaijewskv, B(i , 1898, 31, 07.S, U.'.J 

Etard, Compt. rend., 1880, 91, 931. 
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HARIUM AND ALUMINIUM. 

Bdrium Aluminates. — Freshly precipitated aliiniiiiiiiin hydroxide 
is dissolvctl ))y barium hydroxide solution with the formation of barium 
aluminates. Metallic aluminium is also attacked by barium hydroxide 
solution. The following compounds have been deseribed : Al^OTllaO. 
611,0, or Al20a.2Ha0.5Tl20, and Al^Og.SHaO.llHaO. Lower 

hyilratcs tnay be obtained by heating.' Halogen eomi)Oiinds arc also 
known, Alo(),.Ha0.3HaCl,.6ll20, AliOa.llaO.llaCL.llIIgO, ALO^-HaO. 
BaHr.-nllV), and Al, 0 :,.Da 0 .Hal. 2 . 11 Il 20 .= 

<> 

IIAIUUM AND THE IRON GROUI*. 

Barium Ferrite, BaO-FegOg, is obtained in small dark brown 
eryslals by heating liarnnn ferrate with a mixtuic of liarium oxide and 
barium eliloride at 800^ 1800" C. Oxygen is evolved. The liighcr the 
temperature employed the larger the amount of oxide necessary ’ 

Barium Ferrate, Ba0.Fe0.,.H,0, may be oblained bv pieeipi- 
lalnig'’potassi< nn ferrate with barium nitrate,’ or chloride,’ or by 
acting on barium ehromate with sodiuin ferrate. H forms a pin pie- 
red pow'der, extremely insoluble m .vater,';' and is the most stable* of Die 
ferrates.’ When heated it decomposes into oxygen, feme oxid(*, and 
baiMini o\id(‘.'* It may also be lormed liy the aedion ol stronliuin 
ferrate on barium snljihate, o.xalate, or earbonute.'^ It is iu)l arieeted 
by dibit.?* sulphuric acid in the cold, Imt is eomplelel> deeomposeel by 
boiling suljihurie acid. With dilute nitric or h>dioehlorie acid lli(*re 
IS almost instanlaiieous decomposition with formation ol salts ol iron 
and of barium, and, ni file ease of the hydroehlorie acid, with evolution 
of ehli^rine also. Baiium f(*rrate dissohes also m organic acids.' 

Barium Cobaltite.- -When a mixiure of cobalt scs<pno\ide, baiium 
oxide, and barium chloride or bromide is heated to redness, or about 
80(r C., and the product washed with hot water and then with acetic 
acid, brilliant black hexagonal plates of the composition HaO.LH’oO, 
are formed. When tins compound is treated willi concentrated h,\’dro- 
ehlorie acid, chlorine is evolved. At higher temiieratu res, 1 ()()()" 1 lOU ’ ( '., 
a iiionocobaltite, in large iridescent black prisms, is formed.’' 

Barium Dinickelitc, BaO.iNiO,, is obtained by heating an inti- 
mate niixtun* of barium oxide and mekel sesipiioxnie m the ele(*tri(: 
ftiriiaee. It forms a greenish-brown crystalline powder of dcnsily -t-8 
at 20" and hardness 4 on Mohs’ scale. It is deeom[)osed by water, 
and IS readily attacked by anhydrous hydroehlorie and hydrolluoric 
acid, chlorine, bromine, andsuljihur, but not by oxygen. Neutral oxidising 
agents, for eyamplc potassium nitrate, arc without action uiion it.’" 

‘ Bockmann, Her., ISHl, 14 , 2151; J. pHikt. Vhenh, 1882, [2], 26 , 385, AUwi and 
Kogow, Amer. Chem. J., 1900, 24 , 311. 

* Bockuiann, liet., 1881, I4i 2151 ; ^praki. Chfvi,, 1882, [21, 26 , 471. 

•* RoiusAoaii and Bemheirn, Compt rend., 1888, 106 , 1726. 

* b'r 6 my, Ann. Ohtm. Phys., 1844, f3], 12 , 373. 

^ BloxAin, Ckem. New«, 1886, 54 , 43. 

* Boscll, J. Amer. Vhem, Soc., 189.5, 17 , 760. 

’ Eidmann and Moeaor, JiA.., 1903, 36 , 2290. 

' Baschieri, Gazzetta, 1906, 36 , n, 282. 

'' ® Koimseau, Cornpt. fend., 1889, 109 , 64 Dufau, /Ian. (Jhvm. Phys , 1897, [7], 12 , 257. 

>0 Dufau,^c. at. 



KARIUM AND PLATINUM. 


. Barium Platinate, 3Ba0.Pt0.2» is formed when barium oxide is 
" heated with the chloride or bromide m an opdn platinum crucible for 
several hours at 1100° C. It is more readily obtained by iireparuip 
first the amorphous platinate by licatin;^ platmie chloride with barium 
oxide and then lusiiig with barium chloride or bromide to olitain the 
crystalline product. It forms hexagonal prisms insoluble m a#t‘tic but 
soluble in liydroclilorie acid. When very strongly healed it decomposes 
with the separation of platinum.^ 


DpyrEC’TION AND ESTIMATION OF HAUHTM. 

Dry Tests. -Volatile barium salts give a yt.dlowish-grecn coloration 
to the non-luniinoiis (lame. Like the other alkaline earths, lianum has 
a eharaetciistie spectrum. The most prominent line to be observed 
by the eye has a wave-length .l.jSn-.) A.- By dc (iramont’s ])h(»lo- 
grajihic method the lines UKU. and A are the most distinctive, but 
the line 8891 ■« IS also a sensitise ray. “ • • 

When heated with sodiuin eftrbonate on charcoal the oxide is not 
formed, so that a linghtly liyiiiiioiw mass is not obtained, and this 
affords a distiiK'tion from the other alkaline earths. 

Wet Tests.- By the spectroscojiie method of lliesenfcld nnd*Pfnt'/K*r 
already mentioned under calcium and strontium, barium in a solution 
of concentration 0 OOOli nigm. per c.c. may be detected by tly* hiu's 
(ittlT, 1'9;U, and A. The lines OlPi and .558(3 A also show faintly. 

The chief method of separating barium from admixture with the 
otlier alkaline earths, namely by prceipilation orthe chromate m acetic 
acid solution, has already been incidentally mentioned under cattMum 
and strontium. Other coiilirmatory tests may be a])phed for example, 
the precipitation of the sul|)hate by strontium sulphate, or of I he 
cliromate by strontium chromate, and the prceijiitation of the Ihio- 
siheate by hydrolluosilicie acid in aijiieoiis or alcoholic solution, or by 
aniline (luosilicate,* Precipitation by alcoholic thiosulphate has also 
been suggesicd.'* 

Similar mieroclicmical tests to tliose employed in the case of calcium 
or strontium may be applied." 

Quantitative Estimation of Barium. The determination of 
barium by precipitation of the sul|)hate is the method in most generat 
use, and, therefore, the one which has received the most careful study. 
Its great draAvback, m addition to the effect of the inediuni on the 
solubility of the in-ccipitate, whieh must be eonsidered in all ])r(;eipita- 
tion methods, is the proiiouneed tendency of barmiti sulphate to oeelude 

^ Rousseau, Compt. rend., I8S9, 109, 144. 

* de Graniont, tbid , 1920, 171, 1100 ; sco also Ricwafehl and V\ohlors, who give llio 
lines 5242 and 5137 A a.s tho moat corvvement for dotoction, Ba., 1000, 39, 2028 

^ Ripsonfeld and Tfutzei, Her., 1913, 46, 3140. ■ 

* Caroji and liaqiiot. Bull Soc chim,, 1908, [4J, 3, 483; LuU, Zeit^rh nnj^l, dheiti., 
1921, 60, 209; LuU comparos tho voluos of tho dilfeiuiit pieeipitants for aiialylical 
purposes. 

® Polonovski, Bull. ISoc. chim., 1022, [4], 31, 806, * 

^ • Demg<is, Compt. rend, 1920, 170, 996; 171, 033; .Schoorl, Zntnch. anal. Chem , 
'T909, 48, 401 ; SCO also Bollaiid, ComiA. rend , 1920, 171, 955. 
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foreign salts, whether by chemical combinatiSn or physical adsorption. 
There is a large liteiature on the subject,’ and sonic of tlic results may 
be brielly summarised. 

Excess of barium chloride should be avoided. Alkali and ammonium 
nilratcs and sul])hates ifirc occluded to a greater exient I ban chlorides. 
Salts of heavy metals andalLiminmni are earned down, and also ealeinm 
sulphate, but the laltei at the same time apparentlv j)re\ents the 
oeehision of potassium, sodium, magnesimn, iron, or cobalt compounds. 
Adsorpfe,'on may lie diminished b\ rapid stirring.'* 

Alkali and ammonium salts, ferric chloride, free ehlorme and 
biomine, h\ drochloiic, nitric, and mctaphosphoric acids meieasi' the 
solubility. A slight loss ma\ also take placi' on ignition nndi'r e('rtam 
eireiimstanees. Aibitrary ebireetions to be added or siibtrael ed from 
the calculated result, according to the procedure eiujiloved, have been 
suggested, Init it is pro,bably prefeiablc to calibrate the method used 
bv pure sodium sulphate or potassium sulphate m stronglv acid solution. ‘ 
It 1 las also been stated that, owing to partial compensation ol opposing 
errors, a very good uncorreeted d<‘t<M'mmal ion mav be made by precipi- 
tating rapidly.’ 

The gerijCral bchaxiour of the barium sulphate pieeiiatiite, Cor 
e\ani})le, the dependeiu'e of the aniognt of lorcign substance taken up 
oil the concentration of the solutiop and (ui the Imeness oftlu' preeipilati', 
seems to indicate that the jihenomcium is one of adsoiption at the 
si^rfaec'.’’ 

The ]U'ccipitation of barium chromate is also employed as a metliod 
of estimation. Ammonium diehioniatc solution m the ])r('s('nee of 
ammonium acetate,'* or of acetic acid and ammonium chiomati^,'* may 
be used. In the jiresence of .strontium a solid solution of strontium 
chromat(‘ m barium cU'omate is apparently formed,' and two |)ri'ei])ita- 
tiom. arc neee.ssarv to gi\e a satisfaclor\ result.” 

The preeijntation of the chloride by ludioehlorie acid and ether 
might be enijiloyed for the estimation of barium m the jire'sence of 
strontium chloi ide,‘' oji; })reei|)itation by a mixture of acetone and aeet\l 

‘ tollowjiii' ail' ii'li'ii'iiu's to till' mini' M'ci til lilriatuic on llic suiijci t 
ZviUch an<t1 Chon, iSOl, 30, 4o2, ,>83. Kustri and Tliu'l, Zt ils(h mmq ('hem, 
181)9, 19, 97, 21, 73, 1900, 22, , 25, 319, Lunge, ibid, 1899, 19, J.'.l. 21, 194. 

HiehaKU, dud , 1900, 23, 383, Patti'u, ./ Amer ('htuu Soc , 190.}, 25, 18(5, IJuli'tt and 
J)uM lijik. (/sf/f uiioty r/n , 1904, 40, 190 , Koile, 7’/niis ('fuiu Noi , lOUo. 87, l.')03 , 
Skialad and Artnmnn, Zulsrh anal Che in , 1900. 45, 584, Ibion, Coniiil inid , J908, 
146,925, \ aii’t Knnjs, C/k’m It a’tt/nrf, 1909, 6, 735 , (’reitrliton, uwn/7 Vhem , 

'1909, 63, 53, Alien tind .Johiustoii, J Anui. Chcni Sm , 1910, 32, 5MS , Jolinston tijul 
Adnnis. dud., 1911. 33, 829; (loucti and Hdl, J»ir/ 7 Sn , 1913, |4|, 35, 31 1 . (Kboino, 
./ Phyi^ual ('hem, 1913, 17, 029, Kliiig and I.assinui, Compt tend , 1914, 158, 487, 
KaiaoLdaninv, anal ('him, 1917, 56, 417, 487, 1918, 57, 113. Zui'^ih anyviv 

('hnn , J918, 31, 100, A\inkl<'i, ibid, 1917, 30, 251, 2.59, 301 . 1920, 33, 59, 287, 299, 
and Hlji'infk, ./ /*/t//sirn/ rAfwi , 1919, 23, 205 , Teodossm, ./ ('Iii in .S'ur,1921, 
120, Al)-'. 11, ,521 , Ik'ilati'lt, ZiiCfh. anonj. Chnn , 1922, 123, 09 

“ Dutoit and (irobet, .7 Chim phy.i , 1922, 19, 328 

' .Tohnston and Adams, loc. cit 

* Allon and Johnston, loc cit -i 

s Fro'ionniH, anal , 1891, 30, 18, Skiafelll and NeiisladU, 7>tf/ , 1905,44, 

742 , Kalian, Analyst, 1908, 33, 12 

*’ saiiMcn Bu.s, Chein \\Liliblad, 1911, 8, 5, sec al# Robin, Compt. lend , 1903, 37, 
258 

' Dusehak, .7. Amer Che^ Hoc., 1908,30, 1827. 
c " Kr'si'iuus, Zuheh anal ('hem, 1890.29, 41.3. 

* Uoocli and iSodorrnan, Amet J Ha , 1918, [41, 46, 538 
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chloride in the present^ of calcium and ma^Jncsium.^ Precipitation of 
barium as the iluosilicate may also be used m the pn'scncc of strontium “ 
and calcium.'^ 

Precipitation by chromate is empIo\cd in the xolumctifr cslijuation 
of barium, the latter bcui** precipitated h\ a l|no\\n aniounl of eliiomatc 
and the excess eliroiiiatc b(‘in» tilialcd by potassium iodide and thio- 
sulphate.* llaiium ma\ also be privi|)ilatcd as oxalate and ( slmiated 
volimutrieally.'* Another \olumctric method depends on the jireeijn- 
tation of the lodate, treatment of the lattei with li\ dioeliloi acid and 
potassium lodnU*, and titration of the liberated lodiiu- Slionlium and 
calcium must not be present.'’ For an aj)|)io\imatc \olum< Irii eslnna- 
tion, prceijiitation In alcoholic thiosulphate iiii^hl be iisid.' 

Electrical (iOnductivity Methods itia> be cm[)lo\cd as in the ease 
of ealeium and stiontmm.''* The sulphate, ehromati', lluosiiieati . and 
carbonate an' suitable for precipitation. ^ For cstiiiiatm^ ealeium, 
strontium, and barium m a iiiixtuie In this method the follow m<r pro- 
ei'diire may be .idoptcd. The solution is di\ided into thrci' parts. To 
lh(' (list IS ailded two \ohnius of aleohol, ,ind tin sidiition is liliated 
with lithium sulphate This j^nes the total titialion for baiiiim, 
stroiiliuin, and ealeium. .\fler addition of one Mihinie^ >1 aleojiol llii' 
second [loiiion is titi.itcd wil^ lithium cliiomate, t^UMii^ baiiiim .ind 
stiontium : and the thud jaAtion, idso with tin' addition of oik' \oIiiiiic 
of aleoiiol, IS liliatcd withViipiie lliiosiheale, tii\mi» baiiiini Fioni 
these data the pereenla^cs of the time may be (alciilati'd, • 

Electrolytic Methods of sepaiation and estimation ha\e also been 
sug^rcsted.'' 

' ( Join li , mil l 5 o\ iUkji, ./ ,S'( / , nil 1, I 1 1, 31, 

- Fn M (HUS . iiinil ('him, IS'MI. 29, It'l 
' \'\i 'I u\u^. , Is!II, 30 , is » 

‘ \.lll (Icil Hie. /«! Ill , Knilholl, rhnnn WuIhUiil, I‘l2(l, 57, DTJ , Nl\,il^(i. HuU. 

ihim Sun 1 ) 1 ^ 1 , I'MU, 27, SiiJ , W .i(l<li II, , 1 /e////'/, l*)ls, 43, .>,S 7 
' I’l'lcts, Imii ./ ,S 7 / , IHUl. |t|. 12, JUi 
Hill anil /.ml,../ ,l///i/ ( him Sm , I'lii'i, ji, H 
' l’nluiii.\'ki. null Si» ihim, IH 2 J. I t|. 31, SIO , 

’ Dillidl,,/ ('him lihi/'^ , I!ll0, 8, IJ, .iiiil witli Mojeiu, ihi/l., 21 
“ S< ( l'i-,tJMi.nii)ii (>l Call imn 



CHAPTEK V. 


RADIUM AND ITS COMPOUNDS. 
^-tiltADIUM. 

Symbol, Ha. . Atomic Weight, 225-1)5(0—10). 

Occurrence. — Hadiuin i.s round in all minerals containing iiranmm, 
and in no others, willi one e\ee|)tion. Dannc found at Issy I’Evniue 
a sam[ile of pijromorphite which contained radium but no uranium.^ 
This proN ed to be all m 1 he surface' layers and had no doubt been precipi- 
tated by water which had jiassed through neighbouring uraunim deposits.- 
'I’lie richest uranium minerais, and, eonsei|uentiy, as will be seen 
later, the richest radium minerals, are . pitjhblendv or loaninite, w'hieh is 
ehiedy the uranium oxide, UjO^, and is found m .Joaeliiiusthal, Norway, 
Cornwall, the United States, and East Africa ; anvoUtr, a double vana- 
date of uranium and potassium, ‘ found in the 

United t'dates, ehielly Colorado and Utah, m Russia, especially Asiatic 
Russia, and also in South Australia ; autunite, or inanbm mica, a double 
phosphate of ealeium ai^l uranium, Ca(U()2):j(ROt)2-HlUO, principally 
from Portugal ; and chalcolite, a double phosphate of uramum and 
copper, Cu(U02)2(P0t)2't^R2t)» from Central Europe, Portugal, and 
Cornw'all. With jiiti-hblende may also be ineluded clevcitc, a hydroxide 
of uranium, lead, thorium, ytlrium, and other rare earths, and hro^eiite, 
resembling pitchblende nut containing thorium, from Norway. 

There are numerous other minerals of less miportaiu'c, }>umniitc, a 
dceonipositioii product of uraninite (Pb,Ca,Ba)U3Si0i2*<)Ii20, hlom- 
atiaudiie, uranium tantaloeolimibate, orthoeo him hate and 

tantalatc of rare earths, .samarifkiie, paraeohmibate and paratanlatatc 
of uranium, thorium, and rare earths, uranocircite, Ra(U02)2(PO.j)2. 
HlIoO, uranocalcite, hydrated suljihate pf ealeium, uranium, iron, and 
copper, uranophanc, Ca0.2U0j.2Si02.Gll,0,‘’ and so on,^ 

The radium fouiul in tJie rielu'st of these minerals does not greatly 
exceed 2x10 ’ gram per gram, but in far more minute quantities, of 

‘ Panne, Conpl. ntul, 1905, 140, 241. 

® MuCoy.y. Amur, Chem Sor., 1907, 29, 1702. According to Bamberger and Weisson- 
, Bei'goi, Monat’ih,, 1916, 36, 109, pyromorpliitc la homogeneous m radium. 

•* Mcowamp., I nttoductionlo the Kattr J<Jk)nenttf (Wiley, 'Hvw York; Chapman & Hall, 
London), 1017. Friodol and Cumengo, Compt. rend., 1809, 128, 532, gave the formula 
Kg(U0*),(V04)j.3'Hj0, but there appears to bo some doubt as to whether carnotite ia a true 
[ mineral or^-^imply a mixture (see Hillobrand and Ransome, Amer. J. Sc\., 1900, [4|, lO, 
120). Whoiry gives the formula (Ca,K,)(U0j)j(V04),.XH2O, whore X is approximately 8, 
> 4mcr. J. Sex., 1912, [4 1 , 33, 574 . 

"J' * Watson, Amer. J. Sci., 1902 , 14 ], 13 , 404 . 

See Szilard, Ke Hadium, 1009, 6, 233, who gives a list of radioaictive minerals, and a 
^ map showing Iboir distnbutiun. 
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5pfe forder of lO’^^grain per grain, it is found in almost all rocks, more* 
^being found in primary than m sedimentary rocks owing lo Hie washing 
out of some of the radium in the formation of the lalter.* 


In insignificant traces it iuis been found m stone meteorites,- but not 
in metallic ones,® and there are rather doubtful Apeetroseojue indications 
of its presence in the sun ‘ and m new stars.'^ 

Uadium, or its products of radioactive disintegration, has also been 
detected in the water and sediment of many mineral s|)rings,‘’ in sea- 
water,’ and in the atmosphere.^ * 

History. - The history of radium ma>, to a large extent, be regarded 
as the history of radioactn ity, because, altliougii the phenomena 
connected with the projicrty (if radioactivity were (irsl ol)scr\i‘d by 
Hccquercl in uranium, “ it was the discovery of radium which focuss('d 
the attention of botli the sei(‘nli(ie and the lay w’oild on the snlijccl ; 
and it is radium which Jias alwa\ s been regardcdiis Hie tyjacal radioael i\ e 
element. 


During an iii\'estigation oftlu* ionising powi r of maniinu miiicials 
Mine, t'nne obser\cd that natnial nraiuiiin minerals liad a greater 
acti\ itv than uranium salts of llic same composition prepared artiliciall> , 
and she therefore earned out a elieiiiieal sejiaralion of,, pilehlilende 
from Joaehinisilial, gi\en by tin' Austrian (io\einment, witli a \i('W' 
to deternuiung to what constituent #lhe increased activity w'as to lie 
ascribed. An extraordinarily ‘active subslaiiee, in minute quantity, 

' StiuU, Jufiih HttdionU KUkhuii, UMM, i, 12, t‘to(. lioif .s'o« , liHM), 77A, I74i, 
lOlU, 84A, :{77 , Lc Hadiuiii, lilOl), 3, Hit , aiul VKIhIomIi, Mtoj , 1!I(I7. |U|, 
14, 231 , Uali'ts, ibid , iUKl. t<i|, 19, !)().'{, I''<iii .iiid Kliiiaiici*, ibid , j(l| 18, <SI2; 
(Jockcl. .7 <//;?/> Rtidiimld , ISIlO, 7, 1S7 , .loK, /V/i/ J/te/ , liMlJl, 18, ."x'f , 1!H1, 

|(i|, 22, l:U, MH'i, |h|, 24, (>5»4; Kl.tdici. ibid UU'l), |(i|. 20, . I!)I‘2, jlil, 23,2711, 

bu( hiiri, A. \bid \\<tiV'<Ji lOlU, 13, it.yi , Jiiliih UitdioitU hhltiiiii, 

1913, 10, r)l(» , Siiu'cth and \VatM>n, /’A// , I91H, lln|in(‘.s, Thr !;/» 

/*;/A (Uai|)ci), 1013, II 131 » 

“ (^1111 kt' and KiiikclstM'iu, Alim -/ AVi , 1917, 1 1|, 44, 237 
•' Stiutt, Li' Hddiinu, 19(H), 3, Kil , /*/(»( lioif Soi . l9(Hi, 77A, 172 
* Sana, J’/iil Mfuj , 1920, |0|, 40, 809, l)>son, .IsO yiirfii , 1912, 192, .)ul\, Nn 
4389, sr-i) Sri Ahs , 1912, LA|, 15, 318 , Wtraid, Phil Mwf . 'j9I2, 101. 23, 211, ti.im . 011- 
'‘idoialion (it till' am Ilia, 

(lieliok'i, , 1^0 yiiihi , 1912, 191, .luiic. No 1.382, m'.' Si i 13. . 1912, |A|. 15, 3|8 
‘’Stiutt, Suliitc 1901,69,474, Jolnb lindwoki Plikhon, 1903,2, 12, liidiiiidf, 
Lc Hadvnn, 1901-, i, I ; (loekcl, Pliy^iknl Ziit'irli, 1904, 5, .394, !{(illw<Kid, latii ./ 
Sci,, 1904. |1|, 18, 378, lli'iiiioli, Ziit^h nmjvu' (% m , 1901, 17, 17.3, ’Zntnh niiuuj 
Chilli , 1999,65, 1 17 . Blanc, Phil Mmf , 1903, |(i|, 9, 1 tS, li'ii iic, ./rt/ii/i IMioitkf likkhnn , 
1903, 2, 77, U2, Klstcr and (loitcl, Pluii^ikiil Zuhrh , 190.3, 6, (i7 , Mai he .uid Mever, 
ibid , 1903, 6, 092 , Kuch. ilnd , 1900, y, 800 , Schmidt, ihid . 1907, 8, 1 . ( 'mic and lialiindo, 
Compt. lend, 1900, 142, 1102, Sahlhniii and lliiiiichscii, Hu , IlMHi, 39, 2007, l{arn>.iiy,* 
Chein. Nrm, 1912, 105, 1.33, Kiusc, Jnhib Jiadioakl. KUktion , 1917, 14, 332, hc-itcr, 
Atner J. Sn ,1918, Ul, 46, 021 

’ Jol.v, Phil Miuj., 1908, (01, 15, 383; 1909, l8, 390, Kve, S'utim, 1908, 78, 001 , 
Phil. Mwj , 1909, (O), 18, 102; Sattuily, Pioc Cainb, Phil. Hoc,, 1911, 16, 300, Kuuclic, 
Physikal Zeituch , 1912, 13, 112, 132 • 

” ElsUir and (jieiUiI, Phystkal. ZtiMJi , 1902, 3, 574, (hx'kcl, tbul , 1901, 5, 391 , 
1908, 9, 304; Eve, Phil May., 1903, [6), 10, 98, 1900. 12, 189, 1007, 13, 248, 14, 
724 ; 1908, l6, 022 , Dadounaii, Anier, J, Hci,, 190.3, [41, 19, 10 , 1908, 25, .3.33 , Mai Im 
and Rimiiior, Physikal ZnUrh , ltK)0, 7, 017; Blanc, Vlul. May, 1907, (Oj, 13, 378, 
Jahrb. Radioakt Kkklion., 1909, 6, 502, Heiinoh, ZeiWh. AJIcHwh-Acw,,* 1907, 13, 393, 
Sattcrly, Phil May., 1908, [6], 16, 584; 1910, [OJ, 20, 1; Wilsim, ibid, 1901^, 17, 321, 
Kinoshita, Nislukawa, and Ono, ibid . 1911, (OJ, 22, 821 , Kohlrau'.ch, Physikal 'ZnU^rh , 
1912, 13, 1193, Haivov, Phys lienw', 1912, [1], 35, Allen, ibid, 1910. \1], 7, 
•133 ; Hesa and SchmuU.,VVii/«ijUi/. Znlsch., 1918, 19, 109 , BCngards, ibid., 1920, 21, 141. 

» Becqiiorel, Compt. rend., 1890, 122, 420, 601, 660, 089, 762, 1080. ' 

See later the section on lladioactive Phenomena. 
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was found to bo preoi))itated with the alkalme earths, and the name 
radium wiis ^nvcn to it.' Another radioactive substance, polonium, 
winch was slatwii later to be dcri\cd from radium, was also found, being 
prc(,‘i|)jtated along witli bismuth.- 

Hadmni was at lirv^ only scparalcil in the form of its salts, the 
chloride and the bromide, but in 1010 it was obtained in the metallic 
state bv metlKals nliieh are valid also tor the separation of the other 
melals of the alkalme earth group. 

Preoaration ot Radium Salts. Ejctmviion of Radum Salts from 
Jhaniinn Otrs. -Pitchblende was at first the most important source of 
radium, and tlu* si'paration was carried out m France, Cieimaiiy, and 
Austi la. 'fhe .loacliimsthal^deposits, how'c'vcr, are reported to be almost 
worked out, and in recent years America has begun to treat earnotite 
01 es on an ('xtiaisivc scale for the jiroduction of ladium. 

\’ari()us modes of treatment are ('injiloyed.'' The original method' 
was to roast the ore with sodium carbonate, wash with warm water, and 
then with dilute sulphurie acid, thus obtaining an insoluble residue 
eontaining both th(‘ ladium and the polonium and lea\ing the uranium 
in solution. li\ boiling with sodium carbonate solution, the sulphate 
residue was, then eonvi'rted into carbonates, which could be attacked 
bv hydroehlorie acid and submitted *^o an analytical separation. Tlu* 
radium was ultimately obtained as chloride along with the barnnn. 

Hy the rizer-Sommer [iroeess tlu' ore is tirst treated with eon- 
eeuitrah'd suljitiurie aeid for some weeks at normal temperature, or for 
a few hours at boiling temperature, or fused with acid sulphates. The 
residue is well washed and fused with .sodium liydrovide or carbonate, 
or boiled under jiressure with a eoneent rated .solution of thesix After 
further washing, the residue is boiled w'lth dilute sulphurie acid, the 
radium and barium thv.s being obtained as sulphates. 

For Ameriean pitchblende ores, e.speeially wIktc the urannutc is 
intimatel> associated with iron pyrites, a ehlorination jiroeess has been 
suggesteii." 

For the treatment of eainolite ores the transformation of the mineral 
into jiartly soluble vanadates and uranates by the action of .soihnm 
hvdr()xid(‘ and earbonati' has been projiosed.' The lesulue, after 
washing, may be extracted w ith dilute hydrochloric aeid, forming radium, 
vnnadvl, and uranyl ehloiides. Sodium carbonate precipitates radium 
carbonate and pari of the sodium vanadate. Hy the addition of suliihurie 
aeid, radium suljihate is formed and vanadyl .suljihate goes into solution, 
r Fbler and Heiider suggested the reduetion of .sulphates to sulphide 

' jM ami ,Miiu‘ ( 'in ic. .iiid Hcmnnl, Ccwiyv/ tend, ISUS, 127, J21.‘) 

■ .M ami iMitii' Ciiia’. ibid , J81IS, 127, 17.1, sco aKn Mme ('niK', C/nm 

Phfh . I'lUH, |7|, 30, 519, 1 l.s, 2S!1 . 'Vhht pre'<mlei' d la Facultv da S< urn a de Pm is, llKl.'l, 
KukIisK Iraii'-littmii r<‘|)imti*il tmin ('ftfiii yews, 1904, Tiuitc de Rndiuariinte ((i.iiitlma- 
Villars, Pans). 1910, \(»1 1, j) IIS, Kuilmloid, Radioiictivc mul Ihiu Jiadin- 

hnns (Cambriilgn raivc(.Mt\ I’jrss), 1U13. 

' Martin, Indusinal ('hemi-luj. Inorganic, vol 11. (('ro‘?l)v' I^oi kwmxl &. Son), 1917, 
ai’ticlo bv Hiissfll on Induslnj of liadiouclive Subdanra, p 38,3, Kbler and iJiMidci, 
Zeitwk autjpw i’ficni , 28, 2.') . Kai(inj:i'i and L'liidi, K ALad. )t't.s.s. 

It u‘U, 19(JLS, 1 17, 1)19 , Monatdi , 1908, 24 485. 

* ( lor t it, iT 

Kni'hsli I'litcnt, 19820 (Auj: 30, 1909), soo Hoc Chtm, Ind , 1910, 29, 1150. 

® l'iil)le and Srlilundt, r/iM» .Whw, 1918, I 17, 244 
o ‘ Blopckor and Standard Choin (’o of Pittnburg, U S A., U S Patent, 10087,30 (1913) ; 
1065581 (1913), soo J. Soc. Chim Ind . 1913, 32, 757, 871. 
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by calcium carbide or liydride, or i)rcfcral)I\ a mixture of tlu* two.^ 
The |iroe('ss is snmlai to tlie aluiniuo-lhernue method, tlie reaction bem<j[ 
started willi a The reaction pioiluet is cooled, powdeied, rapidlv 

dissolved m hoi dilute Ji\ droehlorie acid, and hvdio<»en sulphide 
expelled by boiling I.isad sulphide and siliednis mailer remain iiii- 
dissolved. 

Soddy su^»ested the n'duelion of sulphates to sulphides by coal ^as - 

For the treatment of eainotite oies. solution m boilmj^ eoueeni lal ed 
sulplmrie acid, abo\e TS jaa edit , is appaieulK .i |)iomismy iHethod ’ 
From a ^^ood ore at least ttOjiei e(ait oflheiadmm is said to be <‘\lraeted. 
and fiom a pooi oiu' about 80 pia- cent Al'lii the addition ol a l.ui^e 
volniiK' of water the insoluble nsidiK' is sj^lijt'eled to dilldeulial sedi- 
mentation. The line sediment eontams 8T p( r cent of the ladium at 
20-28 tmu's the eoneeni ration m the ore Fusion with sodium h\dron(ai 
sulphate may be (‘m])lo\e(l instead.’ A furlln'i eoneentiation ot the 
radii, im may be en'eeted b\ solution m boilinn eoneeni lated sulpliurie 
acid a<ifain and ri'iireeipilalion with walei eontamui}' a Ir.iee of barium 
ehlornh', or b\ lusion with sodium eai bonale and subseipieiil solution m 
hydioebloi le acid. 

Hot JJ8 |)er ('('lit. mine acid will dissolve most ot the ivamum’aiid 
radium m eainotite. 'I’lie soluhon ma\ then be neulialisi'd with 
(‘aiistie soda and the ladiiim yieeipdati'd aloin* with baiiuni as lh(' 
suljihate. reduced to sulphid(' byeaibon m jirajihile erueibles at SOO (’.. 
and dissobed m hydroehloiie acid ' > 

(ariiotite mas also be attacked l>\ boiliu<» eoneeni lated sodium 
carbonate solution, I he barium and radium bemo ultimati'K lran>ls)i nied 
into sulphates *' 

For treatmeni of ok'S |)oor m radium Fbh r and \an Ulun pioposed 
heatini; to siiitermy lempeial lire, 8(10" 1000' wTth sodium or ealemm 
chloride and ealemm earbonati' Ibi live to si\ hoiiis m a mullle.^and 
then powdeiin^ and extraelm^ tlu' cooled mass with dilute hsdioehlorie 
acid contaimny sulphuiie acid and baiiiun chloride, 'rin ( nidi' siiljihati's 
then contain the lailium m a miicli iiiok* eoneeni mted form ’ 

In tin treatmeni of the Auslialian Olaiy ou'.s, winch contain very 
little radium and consist mamlv ol siheotitanates of iron and tin' rare 
earths, llu' ore is tirst crusln'd, eoneentrali'il ma;;nelieall\ , and lused 
with sodium hydrofjen sulphati'. When crushed and a»ilat('d with 
water, coarse maeliv (' particles aii' separated from a radioaeln e “ slime.” 
The latter is tu'ated witli sulphuric acid, washed, con\erl('d into eai- 
bonates, dissolvi’d m hydroehlorie acid, and lejireeipilated as sulphates. 
These are fused with sodium carbonate in graphite p(»ls and I hi' iiroduct 
digested with hot wat(‘r. After the metallic lead has been picked out 
the residue is heated with hydroehlorie acid and the solution eva[)cviated 
to dryness. Uy treating with hot diliili' acid insoluble silu'a may be 

' El)lt'i and JVndci, Zitlscfi anonj Chem , IIMit, 83 , 14J1, l!)lt, 88 , 25r) , Zctt^cli. 
angfu' Ch(7n , lyiT). 28 , 3D. 

* Sudd), The Cli(nii'<lnf of Ihe Rndw rAimnh (J^oni^inan''. (iriicii & Cn ), 1911, ]» ID 

' Si'hlundl, ./ ('hem, 11)1(5. 20 , ISD , (%in l!)l(5. DO, bumnis 

and Si'hlundt, ./ Ind h'mj (Vu/w . 191(5. 8 , 1)90 

* Sclilundt, US. I’.atviit, 1240(507 (Sept IH, 1017), hoi* ./ .S'uc ('htm Irid , 1017, 36 , 
1137 

Parsons, Mooro, Lintl, and Sohaofor, Chem Sewn, 191(5, 113 , 79- 

* Plum, / Amer Chun Hoc, 1013,37, 1707 

’ Ebler ami van Khyn, Ze\U>ih angac. Chem , 1921, 34 , 477. 



^removed, and by saturation with hydrochloric acid gas radium 'a^P 
barium chloride may be ])recipitated.^ 'I 

Punfration uf Radium Salfx. — The method first employed by. 
Mine, ( uric for the separation of radium from the barium with whichj 
the crude salt is alwayf associated was the fractional crystallisation of; 
the chlorides, -first from water and then from hydrochloric acid, the' 
radium chloride being less soluble than the barium chloride. Giesel 
recommended the fractional crystallisation of the bromides.'- Scholl 
has madt' a careful study of the two systems, RaClg : Rat’ll and llaBrg : 
Raliio, and eoiu-ludes that fractional crystallisation of the bromides is 
the more efficient method.^ The ratios of radium bromide to barium 
bromide separating under dif/crent conditions have also been determined. 
Apparently t his is nidcficndent of the concentration of hydrobromic acid.* 
Fractional separation of the hydroxides has also been proiiosed,^ 
but this is said to be lets cllicicnt than the bromide inethod.<‘ 

Filler and Render have suggested the fractional adsorjition of radium? 
and barium salts by a (-olloid such as silica, or preferably colloidal hydrated 
mangancsi' dioxide, and subsequent desorption by hydroc-hloric acid.^ 
Separation of Metallic Radium. -Ry the electrolysis of a methyl 
alcoholic sobition of radium bromide with an amalgamated zinc cathode 
and a sih'cr anode C’oehn obtaiiu-d/- in 100 1, a strongly radioactive 
product which \Nas probably an iwualgani of radium.” 

Radium amalgam also appi'ars to be formed when sodium amalgam 
is shal4‘n with a solution of a radium salt.“ 

In 1010 Mine. Curie and Dcbicrnc isolated the metal by (iunt/’s 
metlu^jl for barium. They prepared the amalgam eleetrolytieally from 
about 0-1 grin, radium chloride and 10 grin, mercury and tlien distilU-d 
off the mercury from an iron boat m a (piartz tube* in an atmosphere 
of rigorously ])ui’ilicd hydrogen.^" Distillation was complete at 700° C. 

Rblcr stated that he had jircparcd metallic radium by the decom- 
position by heat of the azide, Ra(X 3 )^, which he louiul to be a very 
stable coinpouiid.^^ llcrschlinkcl, howc\ cr, doubled the })ossihility of 
formation of radium azide, suggesting that it would be decoiuposed by 
the radiations from the radium, allhoiigli, according to Ebler, the 
corresponding barium salt is not decomposed by radium rajs. 

The Properties of Metallic Radium. — Since metallic radium can 
only be said with certainty to have been separated once, and that in 
very small quantity, no very precise account of its properties can ho given. 
It is a brilliant white metal of melting-point 700° C. It is much more 
^ 'volatile than barium, and the vapour attacks quartz energetically. In 
its behaviour towards chemical reagents it closely resembles metallic 


1 Uadclilf, J. Soc. Chem. Ind., 1914, 33, 229. 

« Wesel. Bar., 1902, 35, 3008. 

® Scholl, Anve,r. Chem Hoc., 1920, 42 , 889. 

* Nierman, J Phi/s. Chem., 1920, 24, 192, 

6 McCoy, U S. Patent, 1103600, J Soc. Chem Ind„ 1914, 33, 919. 

« Strong, J. Amer Chem. Soc., 1921, 43, 440; sec also Francis, J. Sor. Chem bid , 


1922 41 941f k 

’’Kbier and Bender, ZeiUtch. anorg. Chenl, 1913, 84, 77; ZeiUich. angew. Chem., 1916,. 


28, 41 ; t'ibler and Fellner, Her., 1911, 

" Coohn, Ber., 1904, 37, 811 ; alsj 
• Marckwald, Bei., 1904, 37, 88. ^ 

(June and Debiemo, Compt. rend., 19x0, 151,623. 
* Ebler, Ber , 1910, 43, 2613. 

‘2 llerschfinkel, Le Badtum, 191 1. 8, 299. 


i^rthier, Le Radium, 1904, i, 48. 
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^ariuni.^ It is attacked by both the nitrogen and the oxygen of the;* 
' lair, forming tlic nitride anil the oxide respei tivelv. It is deeinniioscd 
by cold water, the heat oC reaction probably lieing about ,JM) ( al. per 
gram atom.- In contact with organic inattta-, paper lor inslanre, tlio 
latter is charred. ■» 

Radium differs from the other alkaline earths in the hiininesi i nce 
which it has m common with its salts, and which is a consccpienee of 
the radioactive properties to be discussed later. 

The following are the chief hues of thespcctriim in Angst ronf'iiiiits^’: — 
Spark: Ultra-violet: 2700 05, 28i:t St, ; Visible: :}8U(5, 

‘t3td-88, 1430- to, 4.')33-33, tG82*3(i, t82(i-12, t85(i-25, 5t00 31. 5KMi-78, 
5502-07, .5601-72, 5616-73, .5660-81, ,5720-2, 50.58- 1, 6167-t, 6200-6, (Jl l(i-3. 
Are: Visible. 3814.-6, t682-t. 

Runge and I’rccht studied the (lame spectrum of radium and ob- 
tained the following as the most important hues’: 

Flame: 4-826; strong bands lietween 6lA(t and 6330; 631-!); strong 
liand betw'cen 6530 and 6700 ; 6653 A. 

The fluorescent light from radium eom])oiinds gives a banded 
spectrum of mtrogeii superimposed on a faint eonlimious spectrum 
due to the lluorcseeiiee of the crystals. In an evae>.i..lcd trthi- no 
nitrogen bands are obtained, find m an atmosphere of helium tliree 
lieliiim hues are oliservcd.’’ * • 

The Atomic Weight of Radium. The Apimhvimatv Atomic 
Radium belongs to the alkaline earth group of mefals, end, 
therefore, it should be divalent. Tins has lieen verilied bv elei-tro- 
endosmotie measurements,’* and by diffusion experiments.’ ^ 

From a study of tlie speetrum Ruiige and l^reeht eoneluded that 
the atomic weight should be about 2.58,*’ but by a diffeient formula 
Watts deduced 220 56 from the same data.*' Measuremculs of the 
electrical eonductiv ity of radium bromide solutions mdiealed tlrai the 
former was probably too high.^” From consideration of lln' mimi-ru'al 
relationships of the Periodic Tabic, Wilde concluded that thi‘ atomic 
w'cight should be approximately 18 j 

The Kvnet Atoynie IFe/g/d. - The first ehcmieal determination of 
the atomic weight was undertaken by Mine. Curie.’’^ Samples of radio- 
active barium cliloride of grailually increasing activity w'cre jirceijiihiled 
' Cuuc ami J)obioiue, loc cil 

* (l<! Forcrami, .-Ian. Chim. Phyx , 1911, [81, 24, 2r)0 

® Maishall Watts, Itukx of Spedra (Wc.slcv & Son, London , A1 m- 1 Hnywood Son, 
Manchester), Ap^iendix “ V," 1911 , see also Kun^e, .Inn /‘Aysil, 19(.K), 2, 742 ; l{iinyc 
and Prccht, ibtd , 1903, 12, 407, ('ujokes, Pror Roy Roc , 190-1, 72, 29.7 , Ksner and 
Haschek, Silzuwjslxr K. Akad, H’wv M’lcn, 1911, 120, 907. 

* Runge and Freclit, Ann, Phymk, 1903, 10, 0.75; see also Procht, Jahb. Radwakt. 
Elektron., 1904, i, 61. 

® Huggins and Huggins, Proc Roy Soc., 1903, 72, 190, 409; 190.7, 76A, 4HH ; iOOfl, 
77A, 130; Himstcdt and Meyer, Le Radium, 1905, 2, 385; Phy'ubtl ktibch , 190.), 6, 
688 ; 1906, 7, 762 ; Walter, Ann. Phystk, 1906, 17, 367 , 1906, 20, 327 , Fold, ibtd., 

1905, 17, 375, Walter and Pohl, ibid., 1905, 18, 406, Murokwald and llciinann, Her. 
Deut. physikal. (Ics., 1905, 7, 227. 

* Freundheh and Eli8.safoff, Physikal Zeilnch., 1913, 14, 10,51. 

‘ ’ von Hevosy, Phil. Mag , 1913, [0|, 25, .390 , Phy>>ikal. Zulnch , 19?3, 14, 49 

“ Runge ancl Precht, Phymkal. Zeitsch , 1903, 4, 285. ^ 

* Watts, Phil. Mag, 1909, [6], 18, 411; see also Rudorf, Zeitnch phi/'tiknl ('hnn, 

1906, 50, 100. , 

Kohlrausoh and Henning, Ann 1906, [4 J, 20,96. 

Wilde, Phd. May , 1908, [6J, 15, 280. 

^ Mmo. Curie, Compt rend., 1899; 129, 760 ; 1900, 131, 382. 
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with silver chloride. With the weakest of these, values for the atomic 
wei<Th( ol)hdn('(l wliicL w(‘iv not materially different from the 

atomic w CIO 111 of liarmm. As the activity increased, however, the 
atomic wei^dit also lie^an lo increase. At the same time the product 
was evaniined speetrosojpieally.i When the radium and harium 
sjieetra were of ulinost eipial intensity the atomic wei^rlit was 17/3'S. 
Ultimately a product was obtained which eontaiiicd only a trace of 
barium and had an atomic WTi^jlit of 225. 

In HKf2 a sample of radium chloride, w'hich still showed tlu' three 
principal barium lines with considerable intensity, jrave values lym^r 
between 220 aiid 22 1. For all tlicsi* deteiminations the same sample 
ol railium chloride' was iisc'd, the radium bcin<j recovered from the solu- 
tion and n'lrausformcd into chloride. Aftea* fiiither purification of the 
salt three more' determinations were made' with the foIlowm» results'': - 


K\ |i(‘i iniciil 

\nli\<ln>us llculiiiiii 
Cliliiiiile 

SiKei Cliloiide 


Alitmu W'eiuliL 
of lludinm 


LMIII 

Ui m 


- 

- I u 

0 0511 5)2 

0 osstio 


225 50 

II. 

0 O.SOMO 

. 0 0S027 


220 00 

III. 

0 ().ss;}5) 

. O'O.S.LSO 


221 10 

‘ 



M( 

•an 225 2 


Fresh determinations w'crc made m 1007.'* 


K\[H‘iiincn( 

Anlivdious Hailiiiiii 
(jhltti ul^- 

Sihei Cldt.ijdi 

AtimiK WiiLdit 
ot lladiniii 

I. 

unii 

gtin 


0 1052 

0 05)00 0 00000 

220 5 

11. 

0 1020 

0 0070 0 00000 

220 2 

III. 

0 ;j5).*i«5 

0 075)5-0 ooooi; 

220 0 



Mean 220 0 


0 000(t(3 orin. weight of liltcr ash. 


liUter, Thorpe, with somewhat small (piantities of the chloride, 
obtained tlie following results'* 


ExjRMiinciil 

.\nii\dr()u» Ivadium 
Chloiidc 

Sil\ei Clilnnili' 

.Vtomic Wciglil 
<>i Ibuliuiu 

1. 

gim 

gun 


0 0027 

0 000 1 i 

220 7 

11. 

0 0030 

0 OGLS 

225 t 

III. 

0 0734 . 

0 0753 

227 5 







' Jlomaicya), Compt icmi , 1S^8, 1218; 18951, 129 , 710; 19(MI, 131 , 2 .>H 

* Mmo. (Juno, ibid, 1902, 135) . Ann (Ihim Fhipi , 1903, [7], 30 , 197 All 

llio atomic weights pocii ImvtybeoS recalculated on the basis Ai; ^107 88 , Cl 3 .’) 4.77, 
Br = 79 91U, which ato the \ allies j^d throughout the series 

* Mme. Cuiic, ('ujnpl rend , 145 , 422, Jahtb Rudmdt. Kleltron , 1999. 6 , .38. 

* Thorpe, Prot. Roy Soc , 19(18, 80 A, 298. 





RADIUM AND ITS COMPOUNDS. 273 

Analyses of nni<*li lar *(T qiiiiniitics of radium eldoride were made by 
Honigsehmid He used tlie utm(»sl eare m pieparmn pure speeimeiis 
by recrystallism^ from Iivdroelilorie aeid and pieei])ilaliu^r hy alecdiol 
until tlie product appeau'd to be unehaiiiied by liftv fmtliei <-i \ sljJIisa- 
tions from li\ droehlorie aeul aud ele\en pu'eipitat ions bv alcohol. 
The wall'!' of ervslallisatiou was diueu off, (list m mlioiiiMi and llu u in a 
current of liMlroehlorie acid tras ' 



Anhv«luuis 

H.uliuni 

Clilnudo 

Sihu 

XtfilUi* W'lLlllt 


CIiIiiikIc 

III n.uliniii 


I'llU 

VI III 


Sum of SIX estimations j 

1 ) 0 (; 77 () 

' 5 s(;!).‘i;i 

225 1)5 

Sum of two estimations ] 

1 i) 5 <;t )7 

1 t 22.*10 

225 !)5 


The \ anal ions m tlie atomic weioht were not moie than > 0 O.'t At 
the i‘ii(l ofthe work tlu' material was ayain er\ stalhsc'd t went v t lines from 
hvdroehloi le at id solution, but noehauirein alomie weight was olisci \ ed 

Raiusav and (dav,- usin|j; the (piarl/ nuerobalaiiee, am’ w<tikin}^ on 
(piautities ol less than .'t lujjfiu , loiiud the ehanoc* m weijrlit •ii translbim- 
ini» the anhydious l)romid(‘ m^o The eliloride l>\ heatiiu; in a current of 
hydroehlorie acid. Three expiymumfs ‘2‘2(5 ‘i*J, and ‘2'Jd 

mean ‘J2d dd. ^ 

Iloiu^setmud then reviscal his atomic wei^ilit d(*t(‘rmmations * lie 
tiansformed the chloride into bromah' and reerystalhsed thiits times. 
H\ s|U‘etios( (*|)ie anaKsis the salt a|)|)<’ared to be frei* from Uirium. 
brom a siau's ol si\ aiiahses he found that ."i-ddTdl j»rm of ladmm 
biomide precipitated t d.TiH!) }^rm. of siKit bromidt*, eoi lespoiidmif 
with ail a tonne weight of 225 Od, and liom twoamdvsis that the bromine 
in 1'2<SH25 i>rm of radium biomide was precipitated by 0-72dla%M’iu. 
of sj1\ ;^i\ mo 22.‘j 1)7. 

He also e.iiiied out two det<-iminalions In ltamsa\ aud Hray’s 
method, eon\erlin^r lu^aily I onu of bromuh* into ehloiide. This 
^)a\ e 225 0 k 

In all, se\<‘nteeM determinations wen* made m which the (‘xtrciue 
values w('re 225 D!) and 225 tKk ^ivm^^ a mean \alne of 225 1)7 I ()()I2. 

The futernational Commission on Atomic Weiohts for l')25 have 
adojited the value 

Ra 225 95. 

COMPOUNDS OF IIADHIM. 

General Properties of the Compounds of Radium. The Radium 
ion IS divalent and colourless. Those radium salts which a^e colourless 
when freshly pre])ared gradually beioine eohaired when kept, 'riiey 
arc all luminous m the dark. Many ladium and barium salts are iso- 
morphous wnth oik* another. 

Radium Hydride, RaH,. -From consideration of the properties 
of the other alkaline earth hydiides de Forerand coneluded that, radium 

’ Htinifi'jcliinifl, Monat-xli , 1012,33,25’) 

® Kamsay ami (!ra\», /!f?/wr/( phif^k/il , 1912, 8o,C."»7 

■' flonigHfhmifl, MonnU^h , I91I1, 34, 2s:{ , m-c aNo \liu<KwalcI, Phtf^Aul Zdhiif, 
1912, 13, 7;J2 . Mcvcm, ibul , I9i:i. 14, 121 






Jhlyariae ought to be a conipouiia having a neat of fomatioii bf 
,‘Cal.', and temperature of dissoeiation 900° C. He further stated that| 
if should react with water with the evolution of 5t'6 (’al.* 

Radium Chloride, RaGl 2 , may be obtained as the di hydrate, 
by dissolyjing the carbonate in hydrochloric acid and' 
allowing to crystallise. It may be dehydrated by heating to 100° C. in 
a platinum crucible for several hours, but it is not decomposed if the ■ 
tem])crature be raised to 200° ('. It is less soluble in water than barium 
chloride,: and is jirceijiitatcd by hydrochloric acid and by aleoliol.-’^ 
According to de Forcrand,^ the heat of formation should be 197-0 
Cal., and the heat of solution zero. 


Radium chloride is ])aramagnetic.'‘ 

Radium Bromide, RaBro, may be formed by the action of hydro- 
bromic* acid solution on the carbonate and subscipicnt crystallisation 
as the dihydrate, RaHr 2 . 2 H. 2 O, isomorphous with barium bromide 
diliydrate.*’ It givi-s u}) Immimo on cxjiosurc to the air and becomes 
alkaline, forming the hydroxide and ultimately the carbonate.^ 

Radium iiromidc is le.ss volatile than bariiun bromide winch vola- 
tilises at 820° ('., and it is possible that a separation of the two might 
be effected by this method.*’ 

The molecular heat of formation of anhydrous radium bromide is 
probably about 180 Cal., and the heat of'solution 2 Cal.’ 

It is more soluble in water than the chloride. 


MeaMiremcnts of the electrical conductivity of radium bromide 
so/utions have been made. The mobility of .JRa was found to be 58, 
and the temperature coellieient at 18° C. 0-021. Solutions of iliffcrent 
concentrations were examined with the following results ’ : — 


(!ram-p(iiuvalf«nt'< pci latr. 
(assuming at wt. 2*25 ) 

E(j in valont Ci ind uo ti m t \ 

TemjK'ratnro CocHk lent 

0 0 tool 

99 5 

0 0221 

0 01718 

100 8 


0 008395 

1110 


0 001350 

118 3 

0 225 

0 000712 

120 1 


0 0003013 

122 2 


0 0000872 

12* 1 


At infinite dilution 

Apjirox. 125 



There is some evidence of the existenee of the compound 2 BaBr 2 . 
RaBra-OlIgO.® 

^ (le Forcrand, Ann Ch%m Phys., 1911, f8|, 24, 260. 

• Mme. t'uiKi, ThAse yrisanth a Ui Faculti d&s Peknees de Park, 1903, Enghsli transla- 
tion repiintcd from Chem. News, 1901, Homgsehmid, Monakh., 1912, 33 , 253. 

Mmc- (’urio, Tratte de Badtoactivile (Gauthier- Villai-s), 1910, Tome I, p. 174 ; 

• Rmnu, Zen^r. /. Miner. Oeol , 1903, 134; Jahrb. R^xoaki. Elektron., 1906, 3 , 239; . 
Mme. Curio, he. cit. 

® Giest^l, Rer , ltK)2, 35 , 3608; lUm.'^ay, Monakh., 1908, 29 , 1013; Porter, Nalnre^ 
1907, 76, 151 ; Egerlon, ibxd., 174. 

• Stock and Heyneman, Br., 1909, 42, 4088. 

Kohlrausch and Henning, Chem. Zenlr., 1904, ii, 296; ..4nn. Phyaik, 1900, f4J, 20, 90, j 
" Scholl, J. Avisr. Chem. Soc., 1020, 42, 889. 





il^adlum iodidei and^Iuorlde have not bee'W isolated. T)e For^rand s 
«^ves as their probable heats of formation 151 G and 2‘25-(> Cal. res])ce- ’ 
‘tively, and of solution G l and 0-8 t'al.^ 

Radium lodate, Ra(IOj)>. -.Xceordin^ to nciii^es, ladiuni myy lie 
distinguislied mieroehemu-nlly from barium bv^the use of a 10 per ceMl. 
iodic acid solution with a 0 5 per cent, solution of the sail T\ pieal and * 

'• distinct precipitates arc obtained.- 

Radium Oxide does not apjiear to ha\e been isolated. Its lusil of 
formation would probably be 1 18 2 Cal., and its heat of solulioi* 1(5 Cal.i 
Radium Hydroxide, Ra(OH).,. Hadmm dissohes m uater with 
the formation of radium hvdroxide solution.' As alieadx iiient loned, 
the fractional si paiation of the hydroxide lias beiai pioposid lor the 
piirilieation of radium salts fiom barium. * 

Radium Sulphate, RaSO,, may lie obtained bv preeipital ion of a 
soluble radium salt by sulphurie aeid or a sulphate. It is a \ er) insoluble 
eompound, its solubility at 2.V C. beinjj 2-1 ‘ 10 ^ ^n*m. per e.<-., about 
100 tunes less than that of barium sulphate.’ The jiix'.senee of sulphurie 
acid up to 50 ))er cent, has no appreiaable intliieiiee on tin- solubility, 
but at higher eoneentrations this increases rapidly, as obser\ I'd m the 
ease of the other alkaline earths. In 70 per cent, acid it > nioii; than 
12 tunes greater than m (10 per e»int. aeul. Increase of teniperatme also 
eausi's a large meri'ase of solubility ii; diluti* acid solutions. 

IMiieh attention has been diibeted to the liehaN iour of radium sulphate 
in the presence of barium sulphate. When barium sulphate 'is eoiii- 
pletely preeijiitated from a solution eontaming a radium salt, tlii^ laltiT 
IS also eained down, although th(‘ sohibilit\ piodiiet ('lu '^C.^,j- may 
not be attained.'* * 

raiietli pointed out that radio-elements are reaihlv adsorbisl by 
analogous eompoimds which are s])aringly s'Jubh* m the solvi'iit." 
riermann found that the adsor])tion law.s an strictly \ahd foi rf^liuni 
salts 111 eontaet with barium sulphate, but if lh<‘ barium siiljihate is 
preeijiitated in a radium solution all tli(‘ radium n adsorbed, lieeaiise, 
the particles at (irst lieing of molecular diinensions, tli<‘ adsorbing surface 
IS enormous.’ 'rhis result, however, is not in ngiTcment with the 
statement of Lind and his colleagues, that, wdien a radium-barium 
solution is jireeipitated by sulphurie aeid or a .soluble siiljihate the ratio 
of radium to banuni m the jireeijiitate is the same as in thi' oiiginal 
solution. This behaviour is eonijiarable with that of isotojiie (dements, “ 
although radium and barium are not isotojiie. This jjhenomenon thiiy 
denoted by the term jiseudo-isotojiy. \ suggested ('Xjilanation is that 
radium and barium sulphates are isomorjihous, and, therefore, form a 
solid solution.® 

Radium Carbonate, RaCO„ may be olitamed by fusion of the 
.sulphate with an alkali earlionate, or by boiling with a solution* of the 


* (to Forcrand, loc ctt. 

“ Denigi'.'i, Compi. 7end., 1920, 171 , 

* Curio and Debiome, ibid , 1910, 151 , ,'»2.’l. , 

* Lind, Underwood, an<l Whittemoro, J. Atner. Chem Sor., 1918, ^ 0 , 4155 

Ebler and v.an Rhyn, Ber., 1921, 54 B, 289(1. * 

® Paimth, Phfsxkal. Zeiisch., 1914, 15 , 924. 

’ (iermann, J. Amur. €hm 1921, 43 , Kilo. • 

* See section on Taotopes. 

* Soddy, Chftn. Sor. Ann. Rep, 1919, 15 , 219. 
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latter. Tt may also l)o‘prc(‘i])ilatod from solfitions of soluble radium 
salts l)y amniotiuim {*arl)(>iiate. It is insoluble in waler, but dissolves 
readily in liyilioelilone aeid 

HailiuUi nii^lit be eoiK-eiilrated m mixtures of I Ik- alkaline earths by 
fraetional ])r('ei])ilahon ^iftlK* earbonates, radium beino preeipilaled last.^ 

Radium Nitride, RUjN^. Radium absoibs ml rof»en, piobably (‘ven 
more readily than barium,’ ibrmmji a blackish eompomid which is no 
doubt a ml ride. * 

Radioim Azide, Ra(N.{).2. This compound has aheady been 
mentioned m eoimeelion with the separation of metallic radium. 
Aeeoidnif^rto Rbler it is a laiiU stabl(‘, erystallisable eom|)onnd.- On 
bemy heated ni l ariio below 10 (L ('. for several hours, il begins lo decom- 
pose, j»i\ 111 ^ mtio^en. 

Radium Nitrate, RalNO.,)^. The solubility of radium nitrate is 
probably about tin same as that of barium nitrate.' 

Radium Silicate. Rodium sails are appaii'iitly adsorbed by jfcla- 
t moils silica ’ II IS [lossible that the silieale ma\ be lorim’d. The acidity 
of the solution plays an nuportanl pari, since acid exeils a desorbeiit 
action, the proei'ss possibly beui^ rejiresenUd b\ Ihe e(pialion, 

RaSiO, t 211(1 Rad, , II.SiO., 

Radium Platiiiocyanide may be obtained as a uiei'ii salt which 
rapidly becomes diehioie m solution.'' 

Otlrer Salts, \eeordm}* to Denijics. the mierodiemieal pn-eipilates 
of' radium lluosiheale, oxalate, tartrate, ferroe\ anide, esaiuirate, and 
])hosphomol\ bdale are identical in appeaianee with the eoi responding 
salts of'bai mm." 

R\ a eonsiderat ion of the lelalionships between the difb'ieiil inidals 
of t he alkaline (‘ai th <ii< up. d(‘ Torerand piedieti'd scmie of the pioperties 
of vadium salts which ha\ e not aeliiallv l)e<*n delei miiii'd expiM'inu ntallv ” 

Detection and Estimation of Radium. Radium salts eoloiii ihe 
lliune earmme red.*' The most eliaiaetiM'istie lines m the speelriiin arc 
Otialt, lidOO, (i.lOO, and fH2d A ''' 

The detect ion of ladiuni nueioehemieally as the lodali' has alreadv 
been mentioned. 

There is a ebnsiderabli' ilifferema' betwei'ii the tensions of decom- 
position of banmu and lailimn eompoimds, so that it is possible that 
they mit,dit be separated eleetroehemu'ally." 

Radium, however, is best deteeled and estimated by radioactive 
measurenieiils,'“es[)eciallv by determmulions of the amount of emanation 
evolved.^' 
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I’eess). 1913. |i a, 7/ 
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UVDIOACmK 1‘I1K\()MKNA. 

The cli.n.icUrishc of radium wliit-h sharpU disl mniii'.lus il liniii IIk* 
otlu'i mcnilxis of f )i(‘ ;dkaliii(Marl)i uroup. anil I he ci \ dC w liicii . 

lias lai'ii (li siipii-inc im|KUtam-<' In the di v clojinu-nl i*>l |ili\si< al .ind 
chrmiral tluou, is the piitpcih ol iiudciuomu s[)(Milauc<Mis dimada- 
tirni to a dilfnrnl (“Ifiiirnl ol I Ik saint' oi lituci at tunic wt iiild- " d li • lu' 
emission o! latiwdioiis ca|)al)i(‘ ol‘ inodiicinL! ctilain si i ikiilii ^-lii iiiical 
and |)]i\ su'al plit nonu'na. 'Plus propcilx is shan'd l>\ llioimin' and 
uianinni,’ metals known lu'lort' the disei)\(i\ ol i.nlnnn, .ind .dsn h\ 
a nnmlier t>l‘ eh'inents diseo\ cit'd simt', •jfune ol winch aie ol i \<iv 
Iransitory iialnit'. 

'PIk' ladial Kjiis ni\ ('ll out ma\ heol Ihiet' l\|U's. known astj-, . and 
y-ia_\s. « 

a-Hnys (onsist ol' posit ivt'lx ehaiyd pail*ielt's ol IkIiiiiii ' ol siniilai 
eorpiist'iilai’ naliiK' lo the canal ia\s in a \,i(nnni (IkIiic disehaiKt' 
tnhc.and (hxiahh' h\ a poweil'nl niai»neli( oi t'lt el lostat le lu Id ' 'Pheir 
initial \eloeit\ is of the oidei ol 2 10' cm pt r see,* ind tlu' laiilt 
kinelie eiieiK\ which thi'\ thus posst'ss is tin cause of lhe*ph\ sieifl and 
chemical ( lit ( Is which th<'\ piodwee 

The a-i,i\ s lonisi h\ slioe.k fiu' paiiieh s ol an I Ik'V t neonnier 1 hioiinh 
a lanyt of s(\eial et'iil imt'l les at alinospheiie pK'ssini, and thus make 
the an a ( ondiielor ol < l('elrieit\ '* 'I'he \eloeit\ and lan^u' are* re lath'd 
by tlu foimnki \ ' all, where " \ " is the \eloei1v, “a " a eonslaiit, 
and D ” tlu ian,i>e " , 

Th(' a-ia\s can also pt'iitliale linn sheets of solid matlt'i. such as 
ahiimmnni. of Ihieknessol tlu' ordt r ol 0 0001 cm tlu rani*(' in dilleieiit 
materials bein^ di'pe'iideiil on llu' alomie weitrlfl of Hit' siibslanet 
and the nla(i\e absoiplion ineie.isiiiK as tlu' ra\s ajipioaeh the i^id of 
then ranee.'" 

' N. \nl \ 

S(r \nl \ 11 * 
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.111(1 (.(‘II'CI, ihid , liJUS. 8lA, l(> 2 , inaln ilnt.l iiid IUimN. I’IiiI Mnq , UMl'l. ((i|. 17, J8l 
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[.■)|, 48, .Kitl, Mine CiJiif, /,W,I1)(M| I30,7i». Moitl I’lnl 77(0/'- . IIMO. i(;6A, .Vl7 , 
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82A, 18(» , Hud iitlici" 
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he. cit , Mt'M'i .Kid S( hweidh I, hi nt 
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' The absorption of a-rays is accompanied by a notable cvolutidh jbl| 
heat, winch can be measured (‘alorimclrically, and whicii is line to the- 
convcrsioi» oi' the kinetic encrf»y of the a-partielcs into heat, energy.^ 

When exposed to the action of a-rays, pliosphoreseeiit substances, 
sueli as zinc suljiliide, diamond, barium jdatmoeyanide, iluorspar, and' 
kunzite, become brifrhlly luminous, and on examination under the 
niieroseope this luminosity is found to be made up of small Hashes of 
Ji^dil, each llnsli being jirodueed by the shock of an a-jiartiele against 
the [)li4sp)ioreseent substance.'^ a-Parlieles may be counted by 
the nnmbei ol Hashes produced/* 

It can also ))c shown that each a-partiele produces a jihotographic 
effect.* , 

a-Ha>s can bring about a iiumiKrol eli<‘mieal r(“aelions. Water is 
decomposed by them,’ the iialnre of the decomposition products dc- 
jiendmg upon llu' eondit jons. At -- 18.T t' , a])parently, pure hydrogen 
and oxygen are formed. In tlu* lupud state first h\drogen in excess is 
evolved and li\ diogeii peioxidc* formed, and then ox\gen in excess is 
piodueeil.'’ The reaction is mhmatelv eomieeted with tlie ionisation 
produced b\ the radiation.'’'^ 

Oilier eo’*ipounds are also deeomiiosed carbon monoxide, carbon 
dioxide, hydrogen sulphide, ammonia',' nitions oxide, liNdiogen iodide, 
oiganie iodine eompoimds, pinir.es, etc.” lleeombinalioii of ga.ses 
may be efleeted- for examjile, oxygen with hydrogen,'' nitrogen with 
hydrogen,^*' and oxygen ma\ form ozone.“ C arlxm monoxide is reduced 
by hydrogen under the mllueuee of radium emanation.*- The a-rays 
have a'so a eatalytic effect on eeiiain oxidation reactions,** 

Colorations are jirodiieed in mmevals and othei sulistanees by a-rays 

‘ lit'cqiU'U'l, ('omjit mul', IhlMt I 29 , 012, l}.n\, </>«/, lOUO, 130 , 77(> , Hiox'l, Bcr , 
lOOIl, j 6 , , Cunr .itid Labonlc, Compl. t(n<l , lOn/,. 136 , 07.1 , I’litlu'iluid and llaiiK'.*!, 
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Silzuiup'ibei. K Al\(id 1008, 117 , 870 , j 6 id , 1012 , 121 , 1410, ('<dk'iidiii, 
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Lc'ina^ and Jaloustre, ibid., 1921, 173 , 910. 



example, rock salt,^ fluorspar, » quartz, * and other minerals,** and 
j^ttlso glass, ordinary soda-glass being coloured deep violet, gnd other 
gv.jcmds brown or yellow. In some kinds of miea luotite, eondierite, 
,v‘>-and museovite - - minute coloured spherical areas have bei'u detet-tcd 
^ fhowing pleoehroisni under polarised light and hence called ‘‘ pleoeliroic 
^■haloes. Ihey arc due to the eoloralion of Ihe niiea'bv the a-rays 
■ Ironi a small central fragment of radioactive matter.’ Joly found that 
the diameter of this nuclear particle was often l<‘ss than 5 , 10 > cm 
, its mass probably being of the older of .i ■ 10-i« grm." * * 

This ehemieal action is the basis of th(‘ plivsioTogieal t^ffeets of ladmin 
^ product d b\ all the radiations. As the eailier workers soon found, it 
^ destroys the li\ing tissues by its eorrosi\it‘ action on the skin, and' it 
^ has therefore been applied m the treatment ol skin diseases and of 
malignant growths.’ The action on plants and seeds has also been 
studied. A brief exposure inav produce a favourable effect, but too 
long an exfiosuie kills.** * 

Not only, howt‘\ ei, are the a-parlieles able to bring about the (h’etan- 
position of ehemieal compounds, but thevha\e proved to bi* a soiiree 
of sullieient energy to cause the bieakdown of .soiiu' of ll’<‘ eluanieal 
^ elemcMits. hVom nitrogen, for example. Indrogen alon#. have •been 
obtained ” % • ■ 


llie })i'oj)erli(*s ol the a-ray^ inay*be used for lh(‘ir ileleetion. For 
this ])urj)ose tlnar ionising [lowei, and hence their ability to discharge 
a charged elcctroseoiie, is most ireipientlv used, but their action oi> a 
zme sulphide screen, or on a photograjihie plate, may also Ik' emploved."* 
/j-Rays, which were first observi'd bv (jiesel,** consist of negative 
electrons, and are coinimrable with the kathode ravs obtained b\ the 
electric discharge in \ aeuum tubes. * Tlie velocity of tin* ^-rays is greater 
than that of the catliode rays, hou'ever, and maT even reach to within 
1 or 2 per cent, ol the velocity of light Tiiev arc strongly dellfcted 
by a magnetic licld.* ' and since the amount of delleelion depends on the 
velocity ol the rays, they can be analysed by this metnod, the radiations 
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m ' : ' THE alkaline eakth metals. 

* . * 

from siiLstaucc's l)ein^ found to he complex.^ They ionise the 

air, but not to so an as tlu* «-ravs,- and the same iiuiy be 

•saidofthgir cllect on a jihosplioresci'id sciccn.-' Their ])li()tojnrra|)hic 
iieti(«i, liowi'ver, is greater than that of thea-ra\s.‘ 
f 'rile /:J-ia\s ai(‘ imieln less aeli\e ela'inieally than th<- a-rays,’’ but 
ehan^es an- nex ei theless piodiu-ed by them While phosplua-us is 
Iraiislbi med to i(‘d,'' lodofoim is dceomposi-d.' Iiydro^u n and ehloiine 
may lx* iiiadi' lo eombiiK,'^ lh(‘ iat(‘ of eivstallisation of sulphur is 
ineri'ascd.' water is decomposed,''* and lu'diotfeii arsenide is o\idis(’d 
lo arsenious acid 

/i-Haxs ha\e miieh ^lealer p<‘netialmo power than a-ia\s'“ 'I’hc 
penet lal in^^ power xaiies opalK, owinu; lo the i^real variation in 
veloeily, bnl m some ease s the* mlensily is not diminished bv niiieh moie 
tiian one-hall. e\ enby passage* I hioii^li neailva niilhmelreol ahiinmiiim.^ ' 
'I'he healini* ellVet of the* /3-ra\s is ver\ small." 

y-Rays. 'I'he thud (vpe* ol raehalion ni\en b\ radioaelixe siib- 
slanee's is similar to I he* X-raxs, but nuie*h more pe*ne*t ralmo, and 
Iheielbie eonsisls ol evtieme'b shoit wax e*-le nnlhs, piobablx ol the 
order of 0 1 lo 001 A *' The') were liisl ol»se‘i\ed by N'lllard.'" iisinir a 
|)hole^raphiu melhoel, anel he alse> shox\e*d Ih.d they we“i( not ele lle’ete’d 
by a maj^netie held '' 'riie* mtensiLv of the* y-ra\s from r.nhiim is onlv 
realueed lo half-x aliie* In passa^ei throh^h lead 1 cm. thie*k 'I'he* 
absorption eoe'llieienl <hniinishe*s as the* alisorplion meieases. In air 
th(,' inlef'iisity is ie*ehie(‘(l lo oiie*-half afle*i a <hstaii(*e* ol 11 .“) uk'Im's at 
normal te'inperalure* and piTssure.''* In their passat»i‘ throujih matter 
y-rays produce* a s<'(*ondarv anil y-radiat ion.-'* 
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RADIUM AND ITR COMPOUNDS. 

t • * 

y-RaV'' ionise the air, but t(» a murh less extent than <i-rays. 

Tile cheinieal act ion oftla' y-r,i\s is Jess impoiianl than fJial of the 
a-rnys. or e\(‘M o( the p^-ia\s. and (i||{ii \ei\ small m I'omjy'inson nilh 
the el'leel |uo(lne{^(l b\ lif»hi .ind uIlia-Molet i.i\ ' 

Hoth li(|iiid and solid diehclnc's lu^eonu' ||)arl lal < i>ndiietois midi'^ 
the aelion ofilK' peiu tr.it m^ rays ot radium - 

The iK'atiii” clliel ory-ra\s is small i(nn|)aied wilh that ol'a ra\s.' 
and y-ia\s ha\e elTei'ts on (‘olloids siniihn to those piodiieed 1 )\' 
miiiuti' Iraei s of t'leelioK U-s m ,imonnl insuIlKU'iil lof Bimiediate 
eoaeulalioii.’ 

From a eomparatiN slud\ ol ehaia< lei istie \-ia\s and y-ia\s it 
sei'iiis prohaliN- that the y-ra> s result lu^m tin action ot /FiaNs on tlu' 
inner ring's ol tiu' electrons eontaiiu'd m tin nnchus.’ 

l’h(‘ pou'ci ol an m^ olT these thii'e kinds ol ladiation nliali ladio- 
aetne siihslaiiees possess, is an atomic pin noiiii'iion, and is not aflu ted 
III any w.n 1)\ tIu' t\pe of ehemieal eomhiAalion into which the .itmii 
ma} eiih'r Neitlu-r is the rati of emission ol ladiation allietid hy 
lempeiatiire, at least w itimi t he i.inee lioin the tempei.itnre of liipn lae- 
tioii ol liyilroeen " to ahoul ‘JaOO ( \arialions. at i-tsl supposed 

to he ohsei'N ed m the /:)’-ra\ aeln it\ m eeilam eases, weii^laier loimd to 
he due to the \olatiht\ of lhi“ '•nhstanees midei eonsnh i at ion 

The ell'eet ol piessme, up to liltpo atmosplii-u's, has also lieen tiled 
w ilh lu'ualn e results '''> * 

The emission ol ener^\ h\ an atom, m the loim ol a-, /?-, ilr y-ia\s, 
must iiatiir.ilK’ he aeeompaiiied h\ some ehanai in the atom ilsell 
111 lh<‘ ease ol llu a-iaN. which is a mateiial jiaitiele. the m a ol the 
atom must he deeieased and thus a ik'w eleiiu-nt ol lowei atomu' wi iuhl 
he l<‘ll. Fmissioii ol and y-ra\s must ii'sull m a ehaii}>( m the 
enere\ eonleni ol the .itom, and theiefore ,ie:<4n a lu w atom is loimed 
allliou^li ol the same atomic weioht as IIh' olil 'I'hiis iadi»>aeli\e 
ehaii^^’s, hem^f spontaneous ehaiiLtes lakni|» plaei* wifliin tIu' atom of 
the element m (piestmii, and heme un.ilheteil by its eh< mieal nlatioii- 
ships, miiN he unaided as oftlu' natme ol true iponomoiei tilai teaelions. 
Indeed, it is possible thal they ma\ he looked upon as I hi' onl\ eases 
of monomoleeular leaetions which loini nndir no sus|)ieJon of hem^ 
other than they ajipeai.^^ The ii'aelion takine place riiieht he n pre- 
sented as IoIIowa - 

A (x-paitiele ; H 

' Kail.in, Moiiat'^h , l‘)U 32 , Kllll, I'Mi' 33,71, l.lJt), l.}i»t , I'll'l, ^ 4 , 1217, 

1 MI 4 , 35 , S,7!) , 1921, 42 , ‘WT. /onJi /<//</'(/.(;/ r //<«(, t '> 2 ( 1 , 95 , 21.7 ‘ 1 92 1. 98 , 
M'liiic, ('oiiijit mul, 1!)II2. 134 , I2(), lli 1 (iiii'iel, t\n<l . I'KIi, 136 , 1 17.{ , • lieckiT, 
.tioi I’litf'-iL, 19(19, 12 , 121, l>oliin-\\ i'ikII .iinl \uii S( liw< idli'i 190!), 

10 , 979 , lii.ilol.jcski, /r/a/ , I9(l'>, 149 , 27') , /a l{mhiuu, 1910,7, IH, 7(> , I'll 1,8, 
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^ Itulhurfoid and BaMn"-, l/aj/, 190.7, [(xj, 9 , ()21 , lliitlK-ilotd ,iijd tUdjiiihon, 

ihul., 1919, [(i|, 25 , 912, Kn. ihuf , 1911, (li), 22 , .7(41 

‘ KiTtuui and Baidi. kalhid Znt-trli , 1917,20, 20 • 

' Set' ,'^ijddv, .-Ihh J{(p Clirm Sar , I91.S, 15 , 211 
• Cuneand Ojuii's, Lc lindiuui, 1919, 10 , isi 

’ brori'^Dii, lUu/ , ISMIli, 78 A, 4!)t , Makeio 1 , dad , l9iMi 77 A, 2 I 1 , M.ilowt'r 
and Ru'.s, dad , 1907, 79 A, 1,78 , Schmidt, rinpiknl Zi iNh . I'.lOK, 9 , 1 1 ., , SclimnH and 
(Vimak, thill, lillii, ii, 79, { , Kiifrlcr, ,tioi Phi/stk, I'lO.s, 26 , 1S9 
UuthcifoHl ,iiid iVlaM'l, litll lisof 1907, Sci ln)i) A, 1.70 

® lliis.scll, J'toi h'oif Soi , 1!)11, 86 A, 210 • 

E\c and Adams, Snlvtt, 1907, 76 , 209 , ScluHti 1 , ibid , 1907, 76 , 2(i9 
“ Lowry, Trans. Faiaday Sor , 1922, 17 , i79(i 



^ner6 the element A changes into the element B with the emission 
an a-partioh. 11' B is also radioactive and emits cither a- or j3-rays — - 
v-rays only a|)pciU' accompanying /3*rays and arc probably due to the 
latter.* jt will change into a fresh substance C, and so on. This is 
ill example of consecutive monomolccnlar reactions. The amount of 
B present at any moment will depend on the difference in tlie rates of 
change of A and B. 

Radioactive Constants. In a monomolccnlar reaction the rate 
af chaiigcMt any moment is proportional to the amount of the original 
substance present tliat is, if N be the number of atoms of a radioactive 
substance pri'scnl at the time “t” 


» d\ 
(H 


AN, 


where “A” is the radioa^'tive constant, or fraction disintegrating m 
unit time. 

Integrating between I lie time limits 0 and “ i,'’ the number of atoms 
N ” at the tmu' “ / ” is obtained m terms of “ N„” the initial (]iuinLity 
present, “ A,” and “ that is 

' t N - NflC 

jr, expressed more com emeiitly m terms of logarithms, 

- ■ -tSWA/. 

. -^0 


'Phis represents the ease of one radioactive change, A to H for 
mstanee,' without eonsideniig the fate of B. The equations representing 
siieeessn’e changes tire niiieh more <*omplieate(i, and information \vith 
regard to them must besought els('vvh(‘r(‘.“ 

An^^tlier useful eon.slant is “ V," the period of haU’-ehange, or the 
time taken for the mass of the radioactive substance to be redina'd to 
half its initial \alue. From the eijuation giviMi above this is found to 
bear a constant relation to “ A,” that is 
OGWJO 


A radioactive element is sometimes distinguished by its “ average 
life” ” li,” which is simply the reeijnoeal of the constant “A,” and 
might l)c regarded as the average expeelalion of life of the atiniis of tfie 
,‘lement. It equals T-lWiP. 

The Radioactivity of Radium. 'I'he element radium gives out 
!-•* and jS-rays.* Tlie range of the a-rays by tlie ionisation method is 
3-5‘2 cm. at 700 mm. and 15*^ The scintillation method gives a 

somewhat lower value, 3-30 ciii.^ The initial velocity of the a-rays is 

1 Chein .Sor , 1912.9, 298, Ruthoif..nl, , 191 1. [9], 28, 305 

2 Hutlierfoid Jiiu/niaclirt’ tSubduncen nn<l their Tuimforimlwm (Cambnilgo L’niverwify 
Pft*s8), 1913 ; Cune, Traiii de Jtadioactirite (dauthici-V^illars), 1910 ; see also Rutherford, 

Trans., 1904, 204 A, 109; 8tark, Jahrb. Radioakt. Ekkisrem , 1904, i, 1; Gruner, 
Arch. Set phys. nah, 1907, [4J, 23, 6, 113, 329, Dobicrne, Ann. Physique, 1916, [9], 4, 309. 

« Rutlieiford, Phil Mag., 1906, [0|, 10, 193. 

< Hahn and Meilncr, Physikal. Zeitsch., 1909, 10, 711 ; Bacyer, Hahn, and Mcitnor, 
(6irf., 1911, 12, 1099 ; Kolowrat, Le Radium, 1910, 7, 269. 

® Bragg and Klcennin, Phil 'Mag , 1904, [6|, 8, 726 ; 1905, 10, 318. 

•■‘Meyer, Jahtb. Radioakt Elektron , 1920, 17, 80. 
r ^ Geiger and Nuttall, Phil. Ma,g., 1911, [6J, 22, 013 



10* cm. per sec.*' Hadiiim, apart fi'Diii its'disintej^ratiou protl\iut4^ 

fV’gives 3-57 x 10*°a-partK“Ies per see. per graiiu)!* rjuliuiii,*- ** but in etjuiU-'- 
briuni with its disintegralKm products of short life (see laler) 1 t-.3 10*“, 

The heating efbcl of radium alone is ‘J.'} 1 eal. per gram per hour,'- 
The period of lialf-ehaiige of radium lias lieeii estimated l)V ils rate of 
growth from ionium,” and also In* (‘oimtmg the numlM-r of a-partieles 
'given by radium.^’*'’*'"' The International Couimittee on Clu'iuieal 
Elements for 11)23 adopted the \alue 1(»‘)() \eais “ 

The yearly pioduelion of helium pia giam ol railiiim, nr i<^nilibinim 
with its disiiUegration produels of short life, is Kit cub. mm 

Radioactive Equilibrium. In radium i-ompounds whieli ha\e 
been left untoiiehed for a eertaiii time, there is not onl\ radium but a 
iiunilier of its radioaetue disintegration products lornied bv eonsccnliv e 
changes, as instaneed above. These, along \Mth their eonslants and 
radiations, are given in tin* aeeompaiuing labh* : 
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' Meyi'i, Ja/tib liaiwakl Elckhoii . I'.l'iO, 17, SO 
- tJoigei and Nuttull, Iak cit , Ka\<‘ a hijjhei \ahu‘ 

® Hess, Silzun(j!^b(}. K. Aknd It It icn, 1912, izi, |2.i|, 1419. 

* Hutheiinid, 77 n/ May , 1914, [(»J, 28, :L>0 

' I’utliorfordajKKJoigei , lioij Sat , l90S,8lA, 1 11 , , I909,'lo, 1, 10. 

“ (Jeiper and \\’<‘in<'i (iiid 3 tO ^ 10‘" a-p.'iiljrlrs ptn ,s<‘( , ,i lioaUiig rITrt t ol 22 2.') ( .d 
]H'i liDUi pel giani, 11 pc'inul of half-tdiangr of 1730 vcnis, and ji jcailv |Mo<luctitni of 
helium of 1. '59 I nb inin per giam, Zettst// 1924, 21, 187. • 

’ Kutlieifoid and Robinson, I’/n? /if/., 1913, 25, 312. • 

® BoUwood, .'hw/r ,/ iSVi , 15M)8, 25, 493 , (Ilcditsf h, ifn</ , 1916, 41, 1 12. 

® Rutherford and (teigei, Proc. Hoy. jS'oc , lt)08, 81 A, 173, Mcy»i,*iSd,/oii/'<tr'r K. 
Akad. U'tc«, 1913, 122, [2n], 1086 

‘® Hess and Lawson, Arch Hci , 1918, 46, 330; sco Hci Ab» , 1919, [A], 22, 116, Xo. 
306. They «d)tainKl l.'iSO years for the iK-imd of half-change by e/ntntjng fi-p.iil}cles, 
.obtaining "3 72^:0 02/10’® per see. grain foi ladiuin alone, a highei iiymlai Iban 
that found by eailier invest igator> 'rin* uutiul \e,loeity deducwl fiom this is 1 .V.) - 10* 

> cm per sec. and the range at 1.7^ Cl. 3 52 cm. 

“ J. Amr. Chein Noc., 1923, 45, 807. ♦ 

'y ** Boltwood and Rutherford, Phtl. Mag , 1911, pJj, 22, .>86. 

' '* See also Table of Constants at the end of the chapter. 
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THE ALKALINE EARTH METALS. 

It will he observed that, compared with tfiat of its disintegration 
products, tlu period ol radium is virv Kuig. The ladioactuity of 
a’adiuin, sl‘udic(l o\cr p( nods ol time possible* m a lifctmic, will a|)pcar 
eonsianl. ll will (luMclorc seem lo be [UodiK'iiig its liisl dismtcgralion 
jiroduel, ladiiim cmanatAoM. at a constaiil rale. If it be dc[)n\(‘d of 
the emanation jMese'iit al .in\ monient, fu sh cnianation will be formed, 
the (pianhl\' inereasini^ until (((iiilibi mm is readied, and the rale at 
wliieli ll IS loinud is eepial to the lale at which it is destioyed. 'I’lic 
more' rapull'! it disinli niatr's. t he more* rapielK will this pennl be* al lamed 
anel tin* smalle r will be- the* mimbei eif ateims in laelieiae-t i\ e- e‘e|iiilil)i mm. 
'riu* inianation that was milially jue-se-nl will elisappe*ai at a rate- lixed 
liN the- e-emslanl “A,” anel al^ an\ memieiit the- sum e)r the se-paratcel 
emanatiem <ind that fie-shl\ fe>rnu'el b\ the* raelinm will be- the- same- as 
the- e*epiilibi mm epianlit \ . 

'I’lie- rale- al wliie-h e-ivanatie)n alemis aie* Idime-el will nalniallv be 
the- late- .d wine-h r.ielinm ateuiis are* ele*slre)\ (*d, sei that if “A,” anel 
“A, be- the- elismle-ifial ion e-emstants Ibi raelinm anel e-man<itie)n le-spe-e-- 
tue-ly, anel “ H ' anel “ R the* nmnbe-r eif atemis m e-epnhbniim w'llh 
one* aneilhei. A, 11 A,K te> a high ele-gie-e- eif approximalieni. Thai is. 
the- miiiibe*i eil^itemis eil t he- 1 wo laelmaetix e* siibstane-e-s, the* eemipaiativ ('1\ 
leing-lne-d ladiiim anel its shen t-li\ e-el e-i-aanal leiii m e-e|mlibrimn, will be- 
iiueise-h pi'opoi't lemal lo the* le spe.-e-ti\ e* i^ate-s eif e’hangc. Consiele-ring 
alse) the- siie-e-e'ssi\ e- preielucts, raelmni A, 'll, (’, etc., the same kinel e)l‘ 
I'daliemvliip will e-xisl, name-lv, 

A,H A.J^: A, A A,B, cte*.' 

In a''’iaelieiae-ti\e- se-i les the* feilleiwmg iclatiemshij) is femnel to heild 
liclwe-e-n the* e*emstanl of an a-ray pieiehie'ing ju-e)ehie*l and the- lange of 
tlu- a-psH'tie'le* ; - , • 

leigA \« I 2 itN log R. 

wlie-re- “ R "‘is llic range*, “ ei " appre)ximate*ly a cemstant, anel “ N " 
has dil'le-ie-iit vahie*s lor the- ehfleienl elismte-oratiem se‘ri(*s, HI lew uranium- 
radium, 77 Idr lluu’iiim, anei 71 fen actinium - 


THE DlSINTKCiRATlON PRODrCTS OE RADITM. 

Radium Emanation, Radon or Niton. One* of the most, interest- 
ing e)f the raelioae-tive* de-n\ali\e‘s eif laelium is a gas which cleiselv 
resembles in e-he-nue*al ine*rlne‘ss the gase*s e»f the aigon family,’ (iienip 0 
of the- Penoelie 'I'able*. Its e-\istenee W'as lirsl re*ee)gnise-d by Dorn.^ 
Similar gases arc also Idund in the tlmrium anel actinium series, anel 
befeire the true- nature eif the*se substances was fully realised, they w'crc 
dcscribcel as cnianalions. 'riie name's niton anel radon have since bee-n 
given to raelinm emanation to melie*ate its relation to the argon group. 

I iMite-iie-ll, rfiil M(uj, lilll, |l)l. 2l, 40. Lulka, ihid , 1011, plj. 22, \m 
® Me\ve*i, luul I’aiu-th, .S'i/iuwr/s^ic/ K Ahud ll'os lla/i, lUJ 1, 123, [2aj, ItiVJ; 
Me-yei, ibid, lOltt, 125, [2a |, JOI , Kii.s(li, Phif'^iknl Znl\ih , llilSO, 21, to2 , se-o also 
(Icigci and NuUall, Phil Mm/ , 1011, [Ol, 22, l*i:j 

-' UuniHUV, H .1 Hcixiil-’, lOOS, p 001 i 

* Dorn, .!/>/( </ .Si’tuiJuiHh e/d fu> llnllr-it -S , 1000 5'J 

Itainsa} duel eJia\, Coiupt * nid , 1010, 151, 120 
«* Sco Report of the IuUm national (’oiniuitie'o on tln> (’lionne-al l^le•n)^‘nt^ for 1923, 
J. Amet. Chem. Soc , 1923, 4$, 807 
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As the inimciliato sRcrossor of radium, it must bo ^n\'ou off by all 
radiiim-contaijim^f miin'rals, and is, probnidv, m.iml\ losponsiblo, oitlior 
directly, or in(liiootl\ tliroiijili its jiroduots of oii;in;4o. lor a/mosphrrii’* 
radioaotuity. ' Hadiiim om.inatioM is also loimd oi sohilioii iii soa-Vvilor.- 
iii spriiifj watcis,'* and in sodiiiicnls ’ II is lo ‘^liis no (l«)iibl IImI ‘’priii;^ 
uab'i’s owe some of their niedi(“inal \ahie 

The physical constants and ph\sical piopcrtics of ladiiim emanation 
ha\e been \ cry cai (‘full v stmlKil. It is a coloiirh'ss «»as, but wlii'ii in 
hifjhly concentrated foim, oi (‘ondiMiscd, it is biiLihtk iiiniinoiis, 
especially at \eiy low tiinpcratiircs,’ ln'iicc the name mion, “ tlic 
sl]iiiin|]f one.” '' 

As it IS dcined from ladiiim ])\ an^a*ia\ chan^'c, its position in 
(Iroiif) 0 IS justified by the displacenu'iit taw. Kinthei, its aloniie 
w'ci^dit should be li'Jd I 'I'l'l. Hesides the I heorelie.d e\ideni(‘ pisl, 
indicated, tlure is eonsiih'r.ible e\pei iinentaj suppoit lor tins \aliie. 
Early ('\perinieiits on the difliision of llw etn.ination into air oi other 
f*ases," and 111 water/ oi diffusion lliioiioh a poioiis soIkI,*' juase \alii<-s 
winch Wire mueli too low. altlioiiiih Piikins,*" by eonipariiin Ihe rales 
()l difliisioiwor niereuiv \a})oui and imanatioii. found ‘J.'ll f-ir tlie atomic 
W'ci|jfht of the latter. Debieine. howe\er, b\ an appliealiyn of Ibinsen's 
cftiision nu'thod, m wliieii the Mte of cse.ipi of a ijas thioii^h a small 
holi' liom OIK' low piessnre to*anolh<;i slill lowei is di ti iimmd, olilained 
a \alne2‘21 with a |)ossiblc \afiation ofaboiil ‘J pei ei nt " Deterimiia- 
tioiis of tile deiisits h.i\e also been made b\ wei^lmiii b\ ini'aAs ol the 
mieiobalanee 'J'he \ nine has I bus been Ibmid for llu aloime wiiyhl 
as the mean of li\e results \ai\inn Ik tween ‘21H ,ind ‘J‘JT 

The \aliie <;eneiall\ aeei'jitid Ibi llie pi'iiod of h.ill-ehan'»e is .‘{85 
days.’’ Aeeoidin^f to a iceent deti'rniinalion the \alne is .‘{810 
da\s.>> 

The emanation ni\es olfa-ia\s, and Ihe i.inj;e of these in air a1«15' C. 

‘ I'lMci iUkI (l(‘tl(l, /V/V'dfi/ /<//'<// I ill I, {, 4, ')J_* , K\i‘. I'hil Mill/, I'MM), |<i|. 12, 
ISO. I!)(l7, -lol, 14, 7J{ liia.s. 1(.|. 16, ()-’2, Ol.iiir . . 101)7 |ii' 13. ‘{7S .Sinvlli ,IihI , 
1012. |(i|, 24, iu\2 , SiitKih. ihiil , ions |(>] 16, "is| , /Vo., ( (tnilimhii I’liil Sm . Mill, 

16, I{.‘{l) , \''liiii,ui, Iniii ./ .Si I , lOOS, I 1 1. 26, no. l.cuktl Xnhih. lOOl. 

5, .701 , I0()S, 9, ;{()! . Mill 111 .iihI l!imm<'i thi/l lOdi), 7, 017. Hi", 'uitl .SiIiihhH, iIihI 

10 MS, 19, loo. Oliiju'. ./k/iHi liothonU /'/i/,//f>/( , lOIS. 15, J.IS 

^ Kiiitclic, I'lnisikitl Zul-^ih , 1012. 13, 112, I '>2 

' |{iims((., 1(1 ,111(1 \\ lii'ch.i \iiii, J .s'l ( , 1001. 1 1 1, 17, 07 , |{(riiill \ini. I'lni'-il 1012, 
[41,38, 0.7S, ( !i( iii.ii lici, /7(//si/.((/ y.iit'-ili 1012, 13, r{.‘» , I !.iiii'-( \ , /'/(»/'> (O lOlli, 
7, 2S4 , Kiiisc, limhodU / /( /.//o)/ . 1017. 14, :{,")2 

' ( Irhlllofl, , lOOti, 7, .7|M) 

' Ituthcifdid, I’fnl Maif , 1000, |i)|. 17, 72.’{ * 

•’ J»iiinsa\ and Hray, Vom}il tend , lOlo. 151, I2l> 

' Kutlu'doid and liiriok.'t, Trudt liotf Sim Cunadu, lOOl, 7, .‘scitidii 111, J] , t'/nni 
Neu'd, 1002, 85, too, (funo iiiid Damir, Coiiipt }(iid, 10o;i, 136, l'{ll, ('liiiniiinnt. U 
Jiadt'iiin, 1000, 6, 100 • 

** Wiillstalir, riu/'tdnJ Zidvc/i , 101)0, 4, 721 • 

® Hiini'.lrad .ind Wlirdoi, !/)«/. ,/ Sn , lOOl, 11), 17, 07, M.dvowci, /Vo/ Mai/, 
100.), [OJ, 9, .')<) 

I’oj Ivins, Amcr J Sci , lOOS, f4J, 25, 401 
” Df’biriiic, Cinnpi nnd, 1010. 150, 1710, D/« Phiftiipu, 1017, |i)|, 3, 02 

(Ii.iy 101(1 Hiimsny, Proc. //m/ Sot , 1011. [A). 84, .7:{0 . ('uiujd •mid , lOlO. 151, 
120, Ann Chun /V/v.s , lOlO, [Sj. 21, Hf), 771 . Jahrh JlndionLl /;/i//no( , 101 1. 8, .7 
Mnio ('mir. Lr Radium, HHO, 7, :{8 ; llutlinford, Silzitinphir K Akad !{!'(’( 
Hiffl, 1011, 120, .‘{Oil. Mfc alnd Rulhrrfwid and S(>d(l\, I’hd Mdif , 100!{, |ii|, 5, 41.7, 
RumHin. ilnd , 1007, t0|, 14, .770. J’hi/xihd Ziitd(h . 10117, 8, S08 , iS,irlnn, Un , 15)0.7, 
38, 17.78. Diinistcad an(l Wlicrlri, lor rd * 

** Bottle and- Lechnor, ZriUrh Phi/oih, 1021, 5, 88.7 



<;m. or 3*04 cm. at 0° C. and atmospheric, pressure.^ 
tu'linm by radium t irianatiou was proved by Ramsay 
imbV'r ol' obse rvations Imve iK cn made on the spectrum of radiumfs 
excited by the electric disebarjifc at low pressures.^ Nyswander, Lind,.* 
^and Moore ^ have madc.botli j)hoto|;raphic and visual measurements 
of the spectrum from A3i)H2 to 7b')() A., and find that, in many cases,'' 
the intensities difler markedly from those found by previous observers. 
The intensity a[)jiarently changes, however, with duration of discharge, 
some liius decreasing and some increasing in strength, whilst the colour 
of the discharge also varies. In addition, several new lines were found. 
Some of the strongest lines observed photograjihieallv, and also obtained 
by other iin estigators, aie : 70.5 t-O, t7t21-2, l600-‘2, t.577-(), t508-.5, 
44351, l.’UO r), 1.307 0, HOO O, 30S1-8 A. The following lines 
were oliservid visually : 51-8.3, 5058, 1.8*20, 1735 A. 

The emanation eondenses to a lupiid .at low temperatures. Its 
beha\'iour is strictly comparable uith that of ordinary gases, since 
dilTen nt xapoiir pressures are obtained at different temperatiircs, as 
shown by the follow'ing table ’* : -- 


l4e*pTo8^! 
and Soddy.^ 



Pressure, mm. . . 700 ‘2.50 ,50 ^ 0 

Teniiieiature, . -65 ^ 78 -101 -1‘27 

The boihiig-poinl under ordinary aimospherie pressure is llius 
— 05° C.** The entieal iemjieraturc is l(/t*5° (’., and the pressure O'i’t 
atmospheres.'* The free/mg-point is - 71° C., and tlie vuiiour juessiire 
at tins temperature' is 500 mm.® The density of iKpiid emanation is 5 0,’’ 
Tlu' emanation is slightly soluble in water, the absorption eoeflieient, 
or the ratio of the amount of ein.anation dissolved in a given volume of 
water to the amount present in an eijual volume of air m (‘(luilibriuni 
with it, at 18° (\, being 0*285. It diminishes with rise of temperature 
from t‘ 52 at 0° C. to 0*108 at \)V C'.’ ” It is less soluble in salt solutions 
than in pure water; m sea water, for inslanee, the eoeHieient is 0*255 
at 1 1° C.” It is, liowTver, imieh more soluble m many organic li(]uids, 
among others the follow;ing values for the eoenieient of absorption have 
been obtained at 18° t'. : absolute alcohol, 0*17 ; benzene, 12*82 ; ether, 
15*08; carbon disulphide, 23-U.i''*” Dolczalek’s theory, eoniioctmg 
vapour pressure witli solubility,'*^ appears to apply." 


' UiilluTtnicl, Bad load ire BubaUmre't and Ihrit Badialwnii rauoisity 

Press). 1913, p. ]U 

* Kmnsav and Scxldy, Pioc. Boif. Boc , 1903, [A|, 72, 204, 1904, |AJ, 73, 340, sco 
^ Hini'.tedt and Moyer, dww. Phifsik, 1904, |4], 15, 184 , 190, j, [4|, 17, 1005 

“ Ramsay and Collie, P/of Koif .S’oc , 1904, | A], 73, 470 ; (’amorou and Ramsay, 

' 1908, [Aj, 81, 210 , Rutherford and Rovds, /Vii/ 4fa<y , 1908, [0|, 16, 313 , Roydn, ibid. 

- 1909, 10], 17, *202 ; P)oc. Roy. Hoc., 1909, [AJ, 82, 22 , Watson, ibid., 1910, [A], 83, 50. 

* NyHwandor, land, and Moore, Astrophys .f , 1921, 54, 28,5; see also Fhys Revieio, 


1020, 15, 239. 

'' Rutherford, Phi. May., 1909, [0], 17, 723. 

* 8oe also Cray and Ramsay, Trans. Ohem Soc., 1909, 95, 1073. 

^ Ramstodt; Is; Radium, 1911, 8, 2.53 , Kofter, Monatsh , 1913, 34, j 


seo also von 


5 Traubenberg, Physilal Zinilsch., 1904, $, 130; Ifofiuann, tbid , 190.), 6, 337 , .Macho, 
BiUungsber. K. Akad. Ifiss. W'trw, 1904, 113, 1329; Meyer, ibid, 1913, 122, L2al, 1281, 
t see Bci. Abs., 1914, [A], 17, 199. A 

'V " Boyle Phil. Mag., 1911, [t>], 22, 840. ..M 

» Koflpi, Physikal. '/misch., 1908,9, 6; Bitzung.^ber.mmjBpiss. R’tpn, 1913, IW, 147.3. 
'® Ranistedt, Joe (it.-, sec also Boyle, he nf. Sifznngsber. h Akad. 

R’tM. Ificw, 1920. 129, t2a], 4.3." 

i^wxnne, Zettfirh physikal CAcw., 1913, 84, 348 ; Scnurao, » 1920, 95, 2.57. 
Bolezalek, 1908, 64, 727, 1910, 71, 191. ^ 



ODSeiratibns on’^hp rate of diffusion of the emanation tnrmijf{li,' 
ptyater^ and other liquids,® a value for the ntoniie diameter of thi* order of 
; '1*85 X 10"* em. has been found. 

Radinra emanation is stronjrly occluded by some solids, for exiynple, 
\rubber and celluloid,^ and espcciallv bv ehar^oul, pref<*rablv coi'onnut 
charcoal.^ Solid radium salts and minerals also occhide the ^uate/ 
part of the emanation,’’ so that for the si'paratum and jmrilication of the 
" gas it IS best to dissolve the radium |)r(‘paration m water. Tin* t'manation 
may then be pumped or boiled off, diied by phosjihorus ]H‘iit»Mde, the 
gases thus obtained exploded to nanove tlie hydrogen and oxvgi n always 
eontained in them, carbon dioxide renio\ed b\ potassium In dioxide, 
and the final residue, usually eoiisisting elii(‘(ly of (‘luaiiatuui, liulrogi'ii, 
and helium, cooled by liquid air, w hieli (‘auses th<‘ emanation to eoiidi'iisi; 
so that the remaining gases may be remoxed by the ])iimp. further 
purification mav he efh'cted bv suceessne eomlensations '• Si'jiaration 
by adsorjition m colloidal sdieie acid luis br(!i siiggesfed." 

Radium emanation, in common with otlier radiating substances, has 
a strong mlluenee on chemical reactions For example, it brings about 
the decomposition of ammonia” and hydrogiai sulphide," 1 lie combina- 
tion of hydrogi'ii and oxygen with the formation of hydrcigm peroxide 
and water,’" the reduction of*earbon monoxide by livclrogen,” and 
S(' on. • ^ 

Minute (juantities arc best Metermmed by dissoKing iii wali'r or acid 
the substance to be (‘xaniined, or fusing it with alkali earboitafe and 
bisulphate, draw'ing off tlie emanation thus set free inlo an evaeiia'ted 
\ess(‘l, and measuring itsaetixity. (’are must be taken t hat the solution 
docs not deposit any trace of solid which might tend to oeeJliih* lh(“ 
emanation and so give too low' a result.'-’ 

Taking into aeeouiit lh(' mimher of a-])ait'.i-les emilti-d I)N radium 
itself, the calculated nniounl of emanation in ecimhbriiim with • gnn. 
of radium is 0 .50 cub. nim. Experimental values m ver\ close agree- 
ment with this have been found by diffiTcnt in .estigntors.’’* Tlie 
Radiology ('ongn-ss at liriissels in decided to make this eipiilibriiim 
quantity of enianalion a unit, and called it the eiirie.” A more eon- 
venient unit is the “ milheurie,’' or the amount of einanalioii m eipuli- 
briimi with 1 mgm. of ladiuiii. In the determination of the emanation 

' Jlanistt'dt, K VdeuHLajMikad \obtl-I nd , llll'.l, 5, No .">,1 

* U6i\a, Znluch pkysdal Chem , 11117.92,213 

■’ (’niio anti Danno, Vompt tend , 11103, 136, 304 

* Ituthcrford, Nature, IIKIO, 74, 034, Ho\lc‘, Phil May , lllOll, jOj, 17, 374, Icily, 
tftic/., 11110, (0|, 20 , 778 

' Kolowrai, Ijf Rndxnm, 1910, 7, 200 

® Kuthoi-ford, Phil. May , 1908, f0|, i6, 300 

’’ Ebler, J. Chrm. Soc., lllU, I06, Abs 11, 110 

* UfiJier, Tran,i Chem. Roc., 1910, 97, 389, 1193, Wourl/d, ('ompl ynd , 1914, 158, 
571 

» Wourteol, ibid , 1913, 157, 929. »• . 

Soheuer, ibid , 1914. 159, 123 
” Pcheiior, ibid., 1914, 158, 1887 

•* liutherfoni and lloltwottd, Ariur J. Sa , 1905, 20, .5.7; 11100, 2>, 1, li\c, ibid , 

4; Mnie. Onne, Le Radium, 1910, 7, 0.5. Duane .and Labtjrde, Compl rfrtt/ ,^1910. 150, 
Lind, J. Ind. Rny , 191.5, 7, 1024 . Mtuan, Roy Sor fkuiada, 1910, 

lo, Section III, 57 ; Underwood and Schliindt, Trans Amer Rlektnehem. Sue , 191 S, 34, 
^! 03 . • • 

Rutherford, Phil, May , 1908, [6], 16, 300; (Iray and RarnKay, Trans dhem S9r , * 
95, 1073 ; Debieme, Compl. tend., 1909, 148, 1204 ; Ann, Physique, 1915, [9|, 3, 18. ' 
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rontont of natural waters a still smaller the millimierocurie, is 
employed.’ 

. For nudieal ))Ui[K)ses il, is often found more eonvement to use a 
closed, capsule ol emanation rather than tlie original radium salt. 

Radium Active Deposit of Short Life. and Mine. Furie hist 
noticed that, lirielive bodies UTt m (he immediate neijjhbourhood of 
radium eom])oun(ls acquired a tianjiorary radioactivity, wliieli was 
gradually lost on removal of the radium. “ This was at first known as 
indueetl a'dr ity. 

A similar ]ih('nonien(m was observed also m the ease of thorium,^ 
and at the same tune it was shown that the activity is really due to 
the format ion of a thm film of radioactive matter, the disiiitefjratioii 
jiroduct ol the emanalion, on the surface of the inactive body. When 
an emanating substance is placed inside a closed vessel the whole 
interior suil'aci' of the vessel lussmies coated with active deposit, 
althou^jh the amount pri'Veiit in diffeient parts is, to sonu* extent, 
inllueneed by eravity.' However, m a stioiif^ eleetrie held the activity 
IS eonlined larjjrely to the nej»alive electrode,’ indieatino that it is ehar^red 
positivelv A e(‘iinin pro])otlion, neverlhi'less, j>oes to the anode, and 
this is,usuallv' e.vplained by lh(‘ supposition that the positive' ehar^t* of 
the aetiv'c deposit is neutralised bv ne^iHive ions m tlii' ionised eras, and 
it then re'aehes the anode by eliffpsion, v>r, that it may even become 
negatively eliargc'd.'’ 'riie ])arlieles of avtivi' dcjiosit, especially when 
eoiieentiated, may also tend to form, with the ions m the gas, large 
aggiegati's which do not diffusi' to the walls but r('niam m the gas.’ It 
is iiiu'erlam whether the deposit is charged on formation or aetpiires its 
charge Liter, and llu' possibility ol an initial negative < harge is not 
excluded.'^ 

In ethyl ether the active deposit appears to be neutral and to reaeh 
the el etrodes by diffusion alone.*' A similar result is obtained m ethyl 
bromide, but m drv air, livdiogen, owgi n, and carbon dioxidi' it is 
negatively charged.*" 

It has bei'ii shown, iiowever, that Ihi' elect ne wind has an nn))ortanl 
effect on the results obtaine<l.“ If the electrodes consist of a sharp 
needle-poinl op])()site a disc and high potentials are einjiloved, the 
electric wind drives the deposit to the disc iiulependently of whether it 
is ])Ositiv('ly or negatively charged. The active (h'posit has also the 
projierty of s|jreadmg a little to sui rounding surfaces afti r di'position, 
as if sliglitly volatile.’- 

. At ])rcssurcs below 10 nun. of mercury the activity of the cathode 

* kSee under Watei, \’ol. \'Jl. nt tliH .seiien, I'ail I 

" (iune and Mme (hine, L'ompl tend , IH'.M), 129, 71 1 

’ ItuVlicrfoivi, Phi! Mmj , 190(1, [51,49, 101 

* Mine Cum', Pompt imd , 1907, 145, 477 

Rutherford, Phil Mag., 1900, [.'»], 49, lOJ 

“ iichnw\t,nPhi/i^ili(il. Znt/sch , 1908, 9, 184, Kckmann, Jahb. Radiotdt Eleltron , 
1912,9, 1.57, Wollisch and Bronson, Pfig-i R(-vuw. 1912,34, 151, Pfnl Mng , 1912, 
[fil, 23, 714 , Walmslov, ibid., 1914, [Ol, 28, 539 

’ llebii’ino, Ann Phy.'tiqne, 1915. [9|, 4, 27 

" Weitenstcin, Coinid tend , 1915, l6l, 090. 

Wcllisch, Phil Mog., 1914, [01, 28, 417 . .Iwfrr J. Sci., 1913, [4|, 36, 315; 1914, 
[41.38,283. 

*" liendorson, Trun'i Rug ifoc Vnmtda, 1917, [31. 10, 151 

Ratnor, Phil Mag , 1917, [0], 34, 429 

Ratncr, ihui , 1918, (()|, 36, .397 
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steadily diminishes with pressure,* anil the deposit is distributed instead 
over the interior surfai'o of the vessel.'* This is due to the ricoil of the 
active dejiosit.''’ When an aloni ol' einan.ihou hriviks ly* with the* 
emission of an ri-|)nrtiele (ra\ellin;; at a Inoh \eloeil\, the residue of the 
atom which forms the aetixe deposit aispmt^ an ecpiaj and opi)osil(\ 
momentum, and recoils witli a eonsideiablx less \eloeH\, uuinj^ to its 
miicli ^u'eatiT mass. Whilst reeoilmtj, tin* I'leetiie lli'ld has no mlliii'iiee 
on it, but when it is broufiht to rest b\ e«)lhsi(»n. altei liaxelliiif^a \ ery 
short distance m air at oidmaiv piessnres, it can then lie diiV<4ed to I he 
cathode. At low pn'ssuri's the lei'oil atoms li.ixel inueh liirlher before 
bem^jf sto|)ped, and thus reach the walls of the \('ssel whi le thev lemani. 

WIkmi the actn e deposit is lemoxed Irym the emanatiou, Iheaeln ity, 
as measured by th(‘ a-rays, lapidlv disappears. It il eonsisled of a 
sitifrle radioactive product <lismte/fiatm<f to an maelive snbslanee, or 
to one iM^' j^-Vi\\s only, its rate ol disap|>earanee woiihl follow a 
simph' (‘\poneiilial law. and would be mdi pf ndi'iil of the li n^lliol the 
timi* of exposure to the emanation, 'I’liis is n«)l so howevei.’ The form 
of the deeiiy ein\<‘ vaiK's with lh<“ lime of exposiiie, provided this is 
imdi'r four hours, and does not follow an expoiuaitial law entil several 
hours a fli'i' leinoval fiom the emanation ’ • 

H lit hei foul showed that the iteeav curves for difhaent types of 
radiation could be explameif by the assumption that there aie three 
products formed sueeessiv elv* m the active deposit ladmin A. with 
a period of about .’i minutes and emitting; oiilv o-ravs , latiuun H, 
then Ihoiiirht to be ravless ami to Ikui* a period id’ 21 minutes; *and 
radium (', emiltm^' a-, /S-, and ■y-ravs and prob<ibl\ with a i^eriod of 
2h nniiuti s." 

Radium Acti\e Deposit of Lon6 Life. 'Phe .letive deposit lormed • 
on a sin face alter <i eomparativ el\ shoit e\pos«ie to ladiiim emanalion 
appeals to be lost lapidlv amt completely. Aftir a verv lon^ exfosure, 
on the other baud, tlie snriaec letaiiis a small lesidiial .lelivitv, the 
ina^mitnde ol which depends on the ijii.iiititv of emanation and on Die 
tunc of ex[)osuie to it." , •* 

This ri'sidiial activity, as measured by its a-radiation, was found 
to mei'case with liimx showinj,^ sifjiis, alter .’lOb days, ol ajiproaehmg 
a ma.ximum The activity also mereased, leaehm^r a maximum 

aft('r to (lavs, when it beeaim* piaetieally (onstant. Further study 
showed that the changes oliserved mi|,dit lie explained by postulating 
the existence of three pioduets ladiuin I), lormed from radium (\ of , 
period about l(i yeais and emitting /i-iays ; radium F, also a /’i-ray 
product and with a period ol approximately 5 days; and raiUum F, 
an a-rav piodiiet, with a period of about IJO days and apparently 
identical with the polonium found b) .Mine. Curie m pitchblende. 

‘ Mcikowei, Phil !///(/, liioy ll)|, 10, .ladv^on, ihid , -ISU ; feu-is, ibid, iyu 8 , 

|0]. IS, (lot 

- Halm <it\il MeiUiei, //n l)i iit pliif^ikul OV i . HUM). li, .Vi • ■ 

' See H.iliii. /fi/nb Radimkl PUklrun , MHO. 7, 2!Hi, .1 bit»linLoa|jhv is given; Werton- • 
stem, .1/01 Phtinqiu, [9|. l, IU7 

* Itutlii'jfdul .vii<l lin)i»k.s, Phil Mmj , l‘.K)2, |<i!, 4, I • # 

Ciirii* and D.innc, t'oinpf rind , HM13, 136, UOI. _ 

« Kullierfmd, Phil Ttnns , 1904, 204A, JliO, see also Curie and D.uine, Vonipt nnd., 

1904, 138, ()S3 , Si-hinidt, Jahib liaduxikl Eh-ktron , 1907, 4, J9.7 •• 

Mme ('line, ThPat [irhentir a la FaciiUe dcs ,SVif'«re#r/e Curi,^, 1903, Knglish transla- . 
turn reprinted frnni ('hein AVww, liKlt, p. 79, Itulheifoid, I‘kil. Tram., 1904, 294A, 
lt>9, Phil .>hi</., liMU, pi), 8, (WU, 190.7, lOJ, 10 , 290. 
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^'fftEPARATION AND PROPERTIES OP THE SOLID DlStNE| 
r TEGRATION PRODUCTS OF RADIUM. ^ 

Radium A.— Radium A is formed from radium by two successiverj’ 
^ a-ray cliangey. It tlicrefore has an approximate atomic weight oi^ 
226—2x4=218. For reasons which will be diseussed later, it may .; 
be regarded as an element in the sixth group of the Periodic Table. ' 
Its period gf half-change is 3*0.5 minutes,^ and it emits a-rays of range ^ 
4-75 cm. m air at 15" C.,^’ ^ and of initial velocity 1*69 / 10* cm. per 
sec.^ Owing to its very short life the amount in equilibrium with 
1 grm. of radium is exceedingly small, 3*54 X 10~* grm. It is not to be 
expected, therefore, that its presence can ever be detected otherwise ' 

■ than by its radioactive pro])erties. 

The heat given out by the radium A in equilibrium with 1 grm. of 
radium is 30*5 cal, per hcijr,'* 

Radium A is volatile in hydrogen below 6.50° C.,'' but m air only at 
800°-000° jirobably indicating in the latter case the formation of 
a less volatile oxide. 

When radium emanation is dissolved in pure w^atcr the active 
deposit IS ol tained cither suspended ^or dissolved m the water. On 
putting in tw'o electrodes, with a potential difference of about 200 volts 
between them, radium A is found to travel to the anode. It is therefore 
regarded as a negative hydrosol.’ The introduction of a small amount 
of hydrogen ions through tlie addition of acid coagulates the hydrosol 
and reduces the concentration at tlie anode. Polyvalent cations, such 
as aluminium, produce a similar (dfect. With laiger (quantities of acid, 
above N for example, radium A is dcpositc'd at the cathode. Pos- 
sibly electrolytic conduction takes the place of eataphoresijj. With 
the addition of a small amount of hydroxyl ion the stability of the 
hydriSsol is increased at first, and therefore the activity at the anode 
increases, but decreases again above a concentration of "j N base. 
The citrate ion produces a similar but more qironounced ciTcet. On 
dipping filter-paper iiito the aqueous solution radium A rises on 
the filter- paper, indicating a negative charge, and on liltcring, it 
passes through the filter-paper.* The solvent has a considerable effect 
on the charge of the colloid. In alcohol, radium A goes to the cathode.* 

Radium A is soluble in organic solvents, especially in (‘arbon di- 
sulphide, which is in agreement with its position m the sulphur group.^* 
When deposited on plates of gold or platinum electrolytically saturated 
' with hydrogen the solubility is diminished.^® 

By precipitation in the presence of different metals, radium A is 
shown to bear a resemblance to mercury, bismuth, and tellurium. It ’ 
can be iseparated from mercury, how'ever, by precipitation with bismuth 

So© Meycf, " Radioactive Constantu in 1U20,^’ Jakrb. Kadioakl EkkUon., 1920, 17 , 80. 

* Bragg and Kloeman, Phd. Mag., 1906, [ 6 ], 10 , 318, found 4 83 ±0 06 cm 

* Vunstall and Makowor, ibid., 1015, [ 6 ], 29 , 269. 

* Rutherford and Robinson, \b\d., 1913, 25 , 312. 

* RusbcU, Prqc. Roy. Soc., 1911, 86 A, 240 ; Phtl Mag , 1912, [G|, 24 , 134. 

* Makower, Le Radium, 1909, 6 , 50, Ramaauer, tbid , 1914^1919, ii, 100; see also 
Duane, J.^Physique, 1905, 4 , 618. 

’ (lodlowski, Le Radtum, 1913, 10 , 250. 

■ Godlewski, Kolloid. Zettsc^., 1914, 14 , 229; U Radium, 19U-1019. 11 , 161. 

Lacha, KoUoid. Zetiach., 1917, 21 , 165.' 

Eamatedt, Le Radtum, 1913, 10 , 169. 



ji:^^hd.te, and from bismuth by precipitation with metallic tellurium. - 
t evidently has most affinity with the telluriuiii group. ^ 

' Radium B.-- Since radium B is formed from radium At with the ’ 
emission of an a-particlc, its atomic weight sliould lx* :ip})ro\imAtcly . 
4^' Its position m the Periodic Table is in thcfourlh or earboii group.'-* • . 

f;Its period of half-change is 26*8 minutes, and it gives /3-rays ‘ and 
/'y-rays.® The amount in e(piilihrium with 1 grm. of radium should he 
8’05xl0~“ grin., and the heating effect of this (juantit\ is at most 
v,2,per cent, of that of the radium C in equilibrium with it.'* * 

Radium R can be separated in a pure state fiom radium A by the 
' recoil method. An inactive negatively charged plate is jilaeed near a 
01ate covered witli radium A, and radnmuR is olitamed on the former.’ 

" tae range of the recoil atoms of radium B in air is about 0-1 i mm, at 
, atmospheric pressure, and 0-8.*} mm. m hydrogen,'^ ionisation lakiiig 
- place as with the a-rays.'* Tlie ionisation traehh can ho photographed 
, The behaviour of the recoil atoms in an eleetrie and magnetie held in 
vaciw indicates that they carry a single ])ositive charge," aiul they 
bring about ehemieal reaidioii in tin- same wav as a-rays, lor e\am})le, 
the union of hydrogen and oxygen. 

_ Radium R mav he eompletely volatilised at about (M0"('mii hyibtigeii, 
but not below 700 m oxygeit. a|)paientlv mdieating the formation 
of an oxide iii the latter ease.'-' , • 

In pure wab-r radium B a[)parently forms a positive Indrosol and 
is stabilisi'd by hydrogen ions and polyvalent cations." It is ailsorlyd 
• by negative sols, such as ursemous sulpliuie, and colloidal platinum and 
gold, and when (iltercd it is retained by the lilter-jiaper." Lin-iis and 
llcrszfinkel stated that this action could be explained liy sup|)osing 
' radium B present in tlie ionic state."’ 

In alcohol il is mainly dejiosited on the anodT*.^'^ 

Radium B dissolves very readily m dilate ueids, more quicklv^liaii 
radium C or A when deposited on platinum or gold plates satiirali'd 
' with hydrogen, and more (jiuckly than radium C from plates saturated 
‘ Bm-. U ll, 124. • 

' “ Kfijaus, ibid , l!Ma, lo, (11. 

' Ruinhon, /Ve/ Mmi , 11)0(1, (()|, II, 143, vou L-rcIi, Ann Uhynk, U)0(5, 20, 111.*), 
Mnio Curu', ((JiiutliK'i-V’illarsj, 1910, \()| u, p 322 

‘ ' Riu’ver, Italm, aiul Moitnor, Phjuikal ZnlnrA, 1911, 12, 1099, Slinii(h, Ann, 

Phymk, 100(1, 21, (>09 , Kajiuis aad Makower, Phil Mag , 1912, |(>]. 23, 29(1 . 
and Ilobinaoii, i6id , 1913,26,717, (’luidwirk, Her Deiil. phyubtl OVv, 1914, 16, 3H3 j 
• Dam HZ, U' Jladunn, 1913, 10, 4. * 

'' Moholey and Jlakowt-i, Phil Mag, 1912, [H], 23, .302, Ruthcjfnnl and Andauia,, 
ibid., 1914, [0], 27, 8.s4, 28, 263, Ki»hlrauucli, Jahrh HadioaU Klektron , 1918, I5j (14. 

* Herszfinkel and Wertenhtein, J. Physique ct Le Hadtum, 1920, i, 143. 

’ Russ and Makower, Proc. Hoy. Hoc., 1909, 82A, 2()o , see also Brooks, yatine, 1004, 
270. 

" VVertenstein, Covipt, rend., 1910, 150, 8(19; Ann. Physique, 1914, |9|, i, 38H.* 

"!l' ' ® W’crtcnstcin, Compl rend., 1911, 152, 1057; Le Radium, 1912, 9, (1. * 

Ro.s(! and (Jho.sh, Phil M(uj , 1923, [6|, 45, lO.*)!) 

” Walnwk-y and Makower, \bid , 1915, foj, 29 , 2.53, Rush and Makowelf ibid., WHO, 
|nT61, 20, 875 ; Makower and Rvanfl, tbtd , 882. 

Lmtl, J. Amer. Chern. Hoc., 19J9, 41, .561. ^ 

^ ” Rusholl, Phil. Mag , 1912, [6J, 24, 134 ; see also Cuiio and Uanno, Compt rend , lyoj, 
748 ; Bronson, Anur. J. Na., 1^5, 20, 60; Phil. Mag.. 1906, [0), ii, 14.3i; Looa, 
1916,37, 173, Rarnaaucr, Le Radium, 1914-1919, II, 100; but .see Makower, 
1909, 6, 50. . ’• 

Godlewski, see Romum A. " ^ 

w Lachs and Herszfinkel, J. Physique tt Lt Radium, 1921, 2, 319 
see Radium A. 
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with oxygen when the oxides of the active deposit are [irolmbly formed. 
Oxygen, •however, diminishes ilie solnhihly of both 11 and t'.^ Uadium 
11 dissoK'es less readily than radmni (' in alkaline solutions and sodium 
earl'oiiate. It is also not mtn soluble in organic lupiuls. 

'file \aleifev of radi'uni li, as determined bv diffusion, is 2.'“ 

The chemical propcities of radium 11 aie the same as those of lead,^ 
and till' (‘l(’(‘lrolvlie potentials of the two are the same to an accuracy 
of 2 ■ 1/J \oll, winch IS one hundred times less than the differences 
obscived in I lie same metal.* 

Kudiuni C. Ha<lmni (’ v\as at lirst regarded as a simple substance 
emiLling a-, and y-ra\ s, ’ and of period ll)-5 minutes. ’ 11 is now known 
to be eoni|)lex and to e\hibn tlic phenotnction of branching Hahn and 
Meilnei,'' on examining tin* recoil railiations from radium (', found a 
short-lived product of pi^iiod about 2 to 2*.5 minutes, the activity being 
ver\ mimile conipaied \tilh that of the radnini (' fioni which it had come. 

Fajans, after a more delaihd examination, ' stated that tlu' period 
was l-;t8 minutes and that the substance emitted /^-ia\s of alioiit the 
same penetrating [iowti* as those emitted bv radium F, but of only 
ajiproximatelv of the ach\it\. It was at lirst thought lhat tiic 
riimuteiu'ss of the (juaiitily iiidiealcd tliat it was loimeil b\ leeoil from 
a /J-ray change.'^ Hadmm ('. howevei, iiroduced radium D b\ recoil in 
an amount to be expected fiom'an a-”ay ehangis It was shown that 
the ne.w product could not come beloK' nkIiuiu tV' and it was linally 
suggested that the latter must bieak up m two wa\s, the major })art, 
1)1) jier cent., m fact, giving ladiuin I), and the rest tlu' new /^ray 
[iroduet of shoi t peiiod. 

Finally, Fajaus attributed the production of ladium 1) to a very 
short-lived pioduet of period of the order of 10 ’ second, which emits 
u-r;itVs of lange 0 57 cm. at 0 (' . or 0 1)1 at 1,5 t’., and is derived from 
radium (' by a change A latei dcteiimnation gives Hu* lange 
as 0 51)2 cm. at 0" ('.** The period has not been tested experimentally, 
but is recpiired bv the (iciger-.Niitlall relation between langi' of a-ray 
and period.*- ‘ 

According to the most recent views the changes which radium C 
undergoes mav be repicseiiled bv the following scliemi*'*: - 


' llaiiisU'tit, Ia Jiudiitin, l')l.‘{, lo, I.V.l 
- uiii lIi‘V('SV. I’hi/nkal , IDII), 14 , 1202 

' Sec hcctidn (Ui lsou)|)f'< 

' ' Klornt'ioifWKv, ('»/«/// n , lllU, 158, 18 M 1 I 

’ \oii hcicli, /'/i (/sit, I OOh, 20, :Ur» Stuilv of /j-ia\s b\ Rutlu-rfiiul .111(1 Kobm- 
son, rhil M<i(f , Hllli. lti|, 26 , 717 , mt also Ibuwci, llabii, and .Moituci, r/u/situl Zvitf,ch., 
1011, 12, 1090 Studv <»f -/-niV'', UulluM-foid ainl Aiidiadc, /Vti/ Mwj , 101 1, 28, 203; 
hoMnu-Ah, Jaliil) Radwakf AVftUo/i , 1018, 15, lit 
*■ Halm ai'd Mi'itnci, RhiiMknl ZnUsch . 1000, 10, (>97 
' Kajans, ibid . 1011, 12, 3i)0 , stf atsd Fajaus and Makdwci, dnd , ,‘)78 
;! Malvdw^yi and Kuss, Rliil .Xfag , lOlO, H»|, 19, 1(K) , Prw Physind >Soi , 1010, 22, 
U7 

» Fajaiih and Makowri, riiil Mag., 1912. [ 0 ], 23 , 202 
Fajans, I’hij.sikat ZeiUsth , 1912, 13 , 690, 1913, 14 , 951. - - 

" lU-nduiHon, F/iJ Jfar/ , 1021, 16), 42 , .538 
Cnircr and Nuttull, thtd , 1911, 22 , 613 , 19i2, 23 , 439 
*•’ Albrecht, Silnuignbn K .Ikad iri-s-T 11 k'h, 1919, 128 , 92,7, see als«) Russell, An 
IntTodnrtwH to the Chemistiiiof Uadioacttre Huhistauci'/i (.John Miirrav), 1922, pp 49, 69, 
According to earlier nomenclature. Ra(’— Ru(\. IW" -Ra(’_j, and RaC' icmains the 
same, see Fajans, ZtitA'cA Ekktwckem , 23 , 270 , Jleyci and von Schweidler, * 6 id, , ‘ . 

1918, 24 , 34 , Schmidt, Ze%lsch. anorg. Chem., 1918, 103 , lltl. 'A 
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‘ O-Ol- per fent.* o 

Riulnim C” 

D 1-J- inin. 

RaduimR Radium ('''^ 

26-8 min. 10-5 min. on 0<; p<T (ml. ^ 

Radium t" • IJiuJiuni 1) - ^ 

Appio\ HI " see. 

Radium ( ' has too siiorl a lile to he separable fiom radiiim ('. so 
that tlic latter is lx st deleeU'd hv the u-iadi.it 'on of ladmm C' Radium 
C and C', hemo lormed l)\ ft-nw i lian;^{‘s, should ha\e an alomie weii^lil 
of ‘JU, the same as ladmm R, and laiinim ( ", 210 

The initial \el(X‘it\ ol the u-ia\s of la(^llm C' is 1 022 10'' em. pi'r 

f>ee.^ 

The heat piodiiecd hv the amount of i.idmm R and (' (melndm^f 
C' and ('") tog(‘ther m ((jmhhrmm with 1 "wlft of ladmm is .K) eal. 
per hour.- 

Radmm ( is moie eleelio)X)sili\ e than radium R.”* It is a 
member of the lifth ^O'oiip of the Reiiodie 'I’ahle, and its elieimeal 
pro})erties are the same as those of Insnuith from whieh it is 
eheniieall\ msi'jiaiahle ' Diffusi^m expiiiUK'iils show Ih'iit r.idiiTin (’ 

IS ter\alent ’ • 

The eh(‘mieal and plnsx'al piopeilies of i.iduim R and (' ha\i' heim 
studied ehielU Irom the point ol \ lew ol the contrasts th(w niij\ offer 
to one anollier, and hence th(‘ possibilities ol sepaiation, since iIut .ire 
obtaimd to^ielher in tiu* aeli\e deposit 

It was soon lomid that on heating lb<‘ aetue d( posit, ladmm U could 
be \ ol.itilised and radium (' l(‘ft Ixdimd • Makowei studied llu* \olatilisa- 
tioii of radium (' b\ heat fiom dillerent sui laces. ^ In all eases \olalihsa- 
iion was nolieeable belw<‘en 700 ,ind KOO' ('. Fiom piaimuin and 
niekd il was complete at 1200 ('., but liom a (piail/, surface if was 
ineompleic’ at l.’fOO’ " 'I'hese hii^h t('nipeiatures weie probabh re- 
{piired bee.iiise of the foinialioii ol an o\ide m air, or, m the ease of 
(piart/, jiossibK e\en a silicate, foi Russell lomTd that m hydro^rtai it 
volatilised at about .‘300 20 (’ ^ 

Radium (’ and (" can be se|>aiated liom a solution ol the aeti\(“ 
deposit III h\dioehloiie acid b\ di|)pm^r mio the hot solution a copper 
or niekel plate upon which th(‘\ aie then dejuisited *' When bismuth is 
present 111 the solution only radium ('" is obtained."' 

\'oii lle\es\ studied the ))reei|)ilatiou of laduim R and ( horn a 
solution of the ((pulibriuni mixtiiie U|)on single eleetnxles for diffeienC 

' Albrecht, h( cii , sc(‘ uImi Kulhcifonl. Phil !/(/./. I'MlIi. |0|. I2, ‘RS 

* Jiiillicrfitid aii<l Kubuisoii. Phil Mwj , ItIKt 11*1,25, .02 

* ^(*n Lcu'li, hn. lit , \i)ii llc\c■^^, Phi/->tltitl 11112, ij, (*72, Li Jiufliui/i, 

1913, 10, 11,') , Tajan.^, ihifl , lo, .">7 * 

* Fleck, TuiUfi Chi in Sm , I9i:{, 103, IlSl 

* \()ii Heves>, Phifsikn} ZmtM'h , 191:1, 14, 12l>2 * * 

* (’lino and i).inne, Ciiiupt irnd , 19U4, 188, 7tS 

’ Makowei, Lf Rudium, 1905). 6, .ll) , '.eo als(* l.iina, ^lonnPh , 19ll),,37, 17:{, l{.nii- 
saucr, 1a‘ Kaihuni, 1914 1919, II, 100 

" Ibih.selt, /Vn/ , 1912, |0|, 24, 194 • 

* \()n Leu h, Ajiii Phifsik, 19015, 20, ,'145, .sec aim* Meituei, Phimhil Ziili^ih , Mill, 

12, 1094 ' ’ • 

Kussell, .In Introduction to the Ch minlt y of the Itndionnii'f Sub/ylnnici (.John Miiirav), 
1922, p. 154. 



' between i^ec^rode' sblutidifc'" 'r^ults^ 

■‘the following table and plotted on Curve I. ' ‘ ’ 

■V . .0,49 043 03 0 1 0 -0 1 -03 -05 -0(5 -0-7 -09 -M -I-fl 

Percentage, 

RaB .0 1 3 7 10 13 17 5 29 40 64 76 80-6 83^ 

“ ” IS the electrode potential measured against the calomel ,elec>* 

trode as zero. Fifty ikt cent, radium li represents the proj)ortions in 
radioactive ecpiilibrium. It is thus seen that on silver in a molar solution 
of silver' nitrate, jiure radium C is deposited; on silver in a solution of 
silver eyanide in potassium eyanide of suitable eoneentration, equili- 
brium amounts; and on magneMiim in 0*5 molar magnesium sulphate 
solution, SB per cent, radium Q. 

The eiii^e may also be used as a mt'ans of determining unknown 
potential differences.’ 

Itadium C may be obtained m eolloidal form m neutral solution 

l/olts 
0 5 

‘0 

-0 5 


-10 


-15 


.-20 


as a negative hydrosol. 2- It is found, however, ai both the cathode 

and the anode when a potential difference is applied. Codlcwski sug- 
gested that this was due to the fact that in the a-ray change of radium 
A, the radium B atom produced is expelled by recoil from the eolloidal 
is thus free to travel in accordance with its charge, wliereas 
the radium C atom produced in the j^-ray change of radium B is not 
, expelled, but remains in the aggregate and moves to the cathode when 
an excess of radium B is jiresent.® In alcoholie solution radium C goes 
to the anode only.^ 

The behaviour of a neutral solution of the active deposit when a 
filter-paper is dipped into it might be utilised for the separation of 
radium C. lladiuin B and C are present on the immersed part and also 
a lit,tle above the surface if the immersion is long. The presence, of 
^ radium B is due to the rising of radiuip A, which, however, cannot get 
far owing to its short life, but give^^adium- B which is at once pre^ 
cipitated. At higher levels is pure C.^ 

’ von Hevosy, Plnl Jilag., 1912, [6|, 23, 628. 

^ Godlewsk], Le Jtadiam, 1914-1919, ii, 161,. -• 

® Godle^ski, Phil Mag,, 1914, [6J, 27, (518. 

* Lochs, Kolbid, Zeitsch., 1917, 21, 165. 
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"observation that the solubility of radium C in alkaline solution)' 
greater than tL'it of radium is in accordance with the view that 
;;"^radium C is a negatue colloid. It not readily soluble )h organic* 
‘/liquids. ’ , 

; \ It is possible to obtain radium C from B by^j5J-ray recoil, lliiss and 
^Makower only obtained quantities varying from k'ki 

,, theoretical amount,- but Muszkal has obtained a yield i of the 
' theoretical. “ 

Radium D, or Radiolead. - Radium D is formed from nadium C 
by a jS- and a-ray change in siK'irssioii. Its atomie weight is therefore 
approximately 210. It belongs to the same gioup of the Periodic Table 
,as radium B, thi* fourth group. The two have, in fact, identical projx'r- 
ties.^ Diffusion exjienments m solution show thal radium J) is divalent. ■'* 
Radium 1) emits weak j8-rays'’ and y-iays,’ and has a jicriod of 
16 years.® 

I It was early noticed that lead separated trom pitchhlcndc possessed 
a considerable activity which was at lirst ascribed to the presence of 
small quantities of radium and polonium." It was shown, howi-v'er, 
that it was probably a new radioaeti\(‘ siihslam-e to which the name 
radiolead was given.'*’ Later iL was lonnd that radium D, ll^e first 
transformation product m the active deposit of long life, has the same 
properties as the active consRtuentpt ladiolead.^' 

There is a radioactive miAcral, Vesuvian cofunniU’, which contains 
no radium, but only radium D and its derivatives."^ • 

Radium D may be obtained m the pure stale by recoil from radtuin 
C.‘® It has a range of 100 mm. m air at 1 mm. pressure." In high 
v^aeiia the recoil atom does not carry a eliargi*," hut at atinbsphene 
pressure iL lias a single positive charge."’ " 

• 

‘ Ramstedt, La, Hudutui, 1913, lo, I.IU ' ^ 

" Russ aiul Alakowoi, Lliil Maij , 191(1, RiJ, 19, l(Ml, sen also Halm and Mmltior, 
Ber Dcut phijmkaL Ga, 1909, ii,5j 

■* MusAat, ./ 1‘hystque d Lc Wtdntm, 1921, 2, 93. 

‘ »Scs' SC( liou oil IsotoiKw. ^ 

’ \oii JlcMiay, Phynkul. Z(iU<(h , 1913, 14, 1202. 

^ IvoMink, Phd d/at/ , 1910, |H1, 20, 849, Uacvci, Halm, .md MimIiut, J'liyj^tkal, 
Zaitsch, 1911, 12, 378, 1099, Danvs/, Couipl )nui , 1911, 153, 339, 1000, Le Hudum, 
1913, 10, 4, Moitiicr, Phynilcnl Zcit-tch , 191. "), 16, 272. 

’ Rutlieiiord and KicliaidHon, Pfnl Mny , 1913, (OJ, 26, 324 

® Meyoi .Hid voiiSch\v(jidler,<S'ifc«N</A6f'/ K Akad H i.v.s It x’W, 1907, 116, 70l , Phyttikal. 
Zcitef/i., 1907, 8, 457 , Cuiu*, Le 1911, 8 , 3-53 , Rosm, /L/ n/ Acend Linoi, 1912, 

21,462; AntuiiofE, L/ii/ d/a^., 1910, [6J, 19, 82.) , Tliallcr, K Akad It’i^ifl, 

Wien, 1014, 123, 157 , soo Meyer, Jahrb Radmikl Ekklion , 1920, 17, 80 I'lie luloma* 
tional Comiiiittfo oa C'lioimcal Elements give 16 5 yeais, see J. Aincr Cfwtn 1923, 
45. 867. 

“ Elster and (jleitcl, Ann. Phymk, 1899, 69, 83; (liesel, Ber., 1901, 34, 3772; 1902, 
35 . 162. , 

Hofmann and Strausa, Ber., 1901, 34, 8, t)07, 3033, Hofmann 8.nd WolH, ibicL, 
1902, 35, 692, 1453. 

“’&ierf’ord, Phil Trans., 1904, 204A, 169; Phil May., 1904, [OL 8, 630,, 1905, 
10, 290 ; Hofmann, Gonder, and Wolfl, Ber , 1903, 36, 1040 , Ann Physik, 1904, 15, 
'616; Meyor and von Schweidler, K. Akad. It isa. irtea, 1905, 114, 1195, lilator 

tod Geitol, Physxkal. Zeitsch., 1900, 7, 841, 1907, 8, 774; 1908, 9, 289 ..Mclxjnnan, Phil. 
3/09., 1007, [6J, 14, 760. 

' » Rosbi, Bend. Accad. Lmcei, 1907, ii6, 701. * 

,1 Eajans, Physikal. Zeitsch., 1911, I2, 369; Wertenatem, Letjfadium, 1912, 9, 6, 

"Makowor, Phil Mag!,- 1916, [6], 32, 226. 1 

I w Wertenstein, Compt. rend., 1915, 161, 696. 

Wood and Makower, Phil. May., 1915, [6J, 30, 811. 
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VVhytlaw Gray obscrvecJ in an old eniansftioti tube a grey s>ub- 
nietallic deposit { onsisting of about 0-001 ingm. of a mixture of radium 
.1) with 1 5 ))(‘r cent, of t lu* end-product of the series.^ On gently warming 
in an atmosjiliere of ehlorine it changed to a pure white, crystalline, 
apjiarenlly liomogeneinis chloride, which, alter solution m water, gave 
the triple eryslalline nitrite with copper and potassium characteristic 
of lead. 

Von He\esy and Panetli obtained pure radium J) in visible ipiantity, 
about 0 H05 mj»m., by allo\Mng the emanation from 1 gim. of radium 
to (Iceompose in a sealed quart/ vessel, dissoKjiig in nitne acid, and 
elect rol\ sing. Kither ladiuni 1) or radium D peroxide could lx* obtained, 
according to the conditions of tin* experiment, the peroxide forming a 
yellow (h'posit at the ano(le.“^ Hv comparing the K.M.E of the com- 
bination. ladinin I) peroxide/iadinm 1) nitrate .solution, with that of 
the eombmation, lead pcroxide/radium I) nitrate solution, and also 
the effect ol the addition oi lcaii ions to each, the cleetioehemical identity 
of radium 1) and lead was shown. 

Hadinin 1) appears to he chemieally insi-parahle fioin lead, ’ although 
Hofmann and Wolll siijiposi-d that they hail obtaini-d a si'paration hv 
the aid of (irignaid’s r(‘aetion ‘ It can be pieeipitated b\ any leaelion 
which j)reei|)itates h'ad pioxideil a little lead is present. 

The presence of lead in ladiuin 1) may also be a\oidcd b\ adding 
a solution of a few milligrams of aliiminuhii chloride to a solution of an 
old pieparation of radium which has had time to re-foim radium I), and 
sati'.rating with ammonia gas. Umliiim 1), E, F, H. (', and are 
precijntated. The last thii-e (jinekly decay, and then ladmm K and F 
can be sejiarated from tin* radium I) bv \on Lereh’s method on a nickel 
plate. ’ From tlu* jnnilied solution railnim I) ma\ lu' jirecipitaled by 
ammonia along with alummmin hvdroxnU'.'' 

In ninmoniaeal solution radium 1) is colloidal, but not m acid or 
neutral solution.^ 

Radium E. Radium K is formed fiom radium 1) by a j^-my 
change, and should Iherefoie ha\e an atomic w'cight of 210. Radium Fi 
also emits /i-rays,’*- ’’ but of a iimeh moie penetrating ty))(“ than 
radium 1). There is, m addition, a weak y-iadiation."' The period 
is .T days.*"' Meyer and \on Sehweidler at lirsl thought that 

‘ \Mi\tlinv (luiv, Sdltix, ljl|;i, 91 , (>.■)!> 

- \i)U and I’uni-lli. Ikt , 15111, 47 , 27S1 , ZliIm/i , J!)U, 15 , 

7517 

' S/ilaul, irtul , I 5 ) 0 S. 146, I Hi, l.( Haihiini, 15 )I)S. 5, 1 , Hci.vlinkcl. ihtd , 

inill, 7. 15 )S , I’anotli .ind von Hr\rs\, Siizumj.'^lu r K Akud H t.vs II 122, 

nail, Sliiclilinu, CoiHpt nnd , lllMl, 157, 1 till) 

■* Hiifiiiaiiii and Wnlll, lift, JSl(l7, 40 , l!l2.7 , Hu’m' (‘\|)(‘orn(‘nts wru* ic])(‘!iltul by 
Sl.ictdiiig. lot III , n(>i{ati\c insults 
■’ Sec i^udiuin (' 

® Hiishcll, Af' Jntrod lift ion to the ('hvimdiij of the liadwartire Svbilanciii (John Murray), 
1922, ]) 

^ raiietli, S'uznngfibfr K Iknd. It iss-. It irn, 1913, 122 , 1637 
" Diinys/, Lc Rndium, 1913, 10 , 4, Mnu* (’iiiir, ibid , 1911, 8 , 3.73 
“ iS< litmdt, rhi/iitka! Zeit-Kch , 1907, 8 , 361. 

'« Kiithci-foid, rhil Mifif., 190.7. | 6 J, 10 , 290 
** RutIu.foid and RicdiiinlNori, ibid., 1913, [ 6 ), 26 , 324 
' ** ( J r,i\ . P, Of lion , Soc ,1911, 85 

and \<m Schwcidl^r, RiU^g-ibir. K. Akud ll'is-.s. IfVw, 1905, 114 , 1195; 
19gt), 1 15, 697 ** 

“ Anlunoir, Phil Miiij, 1910. | 6 |, S2.7 
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radium E consisted of* two products,^ but this was sJiowii to he 
wrong. ® 

Radium 10 is one of the actuc constitucnls of radiolcad^Mnd can, 
of course, be obtained from ratlium 1) fiom aiu source, provided sufb- 
cient time has been allowed foi its giowth ' Polonium musl lir.sl be 
separated from the solution b\ a bismuth plate, and the.radium E lla'ii 
allowed to d(‘])Osit on a mekel or silver plate, tir the solution ele<‘liolysed, 
using a silver cathode.' In smaller <]uanlitv it niav be d(‘|)(>sit(‘d on 
tin, lead, or iron.'’ • i 

( hemi(‘allv it mav be pr( eipitalt'd with hvdiogen sulphide along 
with lead and radium I). Polonium is ollen bioiight down too, and 
radium K is piobablv the /j-polonmm of (besel '■ 

Its decomposition voltage is the sanfe as that ol bismiilli' lioiii 
which it IS, 111 fact, ehemieallv insepai.ible.'’' \s is to be expeeh'd 
therefoie, diflusioii experiments show it to be lervalent.'* 

Prom .1 neutral solution of the nitrate a'*eolloidal solution of tlie 
hydroxide' mav be obtained."’ 

Radium F, or Polonium. The lirst new ladioai’tivi' sulistaiiee 
sejiaraled bv Mine, ('mie from pitchblende residues was iiolommn ” 
It was found to be pii'cipitated along with bismuth bv hvehogeii 
bulphide, and could then be eoneimtialed by thn'i' dilfereiit^^melhoifs 

1. Sublimation of tlu' sul|)Hiides vanw, the sublimate being moii' 
aetiv e than I lie k'skIuc. • 

2. Precipitation of the basic nitrate In wati'r ftoni sohilioii** of Die 
nitrate. 'I'lie jiricipitate is moie active than the dissolved salt » 

.‘ 3 . Pi(‘ei|)italiou bv hvdrogen sulphide ol a verv stionglv acid 
chloride solution. .Vgain, the jireeipitate is moic' active Ihbu IIk' 
solution. 

The second method was apparently the mos^ satisfaetorv 
Maiekwald obtained a very active substance, eloselv lelalyd to 
tellurium, bv dijipnig a plate of eopjKT, silv er. or bismulh in the hvdio- 
ehlorie aiad solution of active bismuth prcjiared from pitehhlinde. 
He called it railiotellinium “ .Anothei method em|)loved In him was 
the [ireeipilation o( active tellurium by stannous ehloiide. This was 
dissolved m a shghtiv acid solution and hydia/me ehlorhvdiale addl'd. 
Inaetive tellurium was thus pieeijiitated, and the radiotellurnnn m I he 
solution could then be repreeipitated by stannous chloride Four mgm. 
of an mtenselv radioaetiv e product vviTc obtained In this method born 
two tons of pitchblende. 

' .mil Mill .'''t liw(‘iillfi, .Sitzuiiif'ihi f h It iis lle«, lillJU, 115, (i'lT*, 

rhtfiikal /jcih<h , 15)07, 8, 1.77 

“ Aiitonoir. Phi Ma<j , 15)10, j(i|, 19, «LV) 

' KIcok, Tuinf, ('hi'in So( , ISll.'l, 103, .‘IS I 

* lluthfifonl and Hiclianl.vm, Phil .Minj . 15)1:3, pi], 26, 3-1 , 

Meitnci, Phjftikal Xeit-^ch , 1911, 12, J09t , 

8 (Ofsol, /ict , 15)0:3, 36, 728 , 19013, 39, 780. 

' and von He\c.sy, Sitzuiujiba K Akad Il ls'* )| jck, I9l:i, I?2, H):i7 ^ M)n 

Hevi’sv, Phynkul Zeit-srh., 19i4, 15, 797 

* Bfi-r, h lindium, 1914 1919, ii, 124. 

" M)ii HevfHV, Phyi^ikiii Ziitsch , 19i:3, 14, 1202 • 

Paiifth, Silzuu<jib(r. K Aknd H'lw \\ ttn, 19i:l, 122, 1037 
M and Mine ('utic. Vompl rnid , 185)8, 127, 177 ‘ 

“ .‘sL'o Mine ('line, Trnili de (t.'jnitliKT-VhlJarH), 191fli,,V(iJ 1, pp 149, 179. 

Marekwald, Her ;.1902, 35, 228.'), 3239, 1903, 36, , Phyiii^l Znt'xh , 15)0:3, 4, 

51 ; Zeiluli Klrklrodinn., 1903, 9, 098, ^ * 

** Marckwald, Bet., 1905, 38, 591. 



was ultimately shown that polonium ‘aiid radiotdlni|^y^^ 
^identical, and the former name has been adopted for the substaneei^ , 

A study of the radium active deposit of slow rate of change showe^^ 
'■that the product of the jS-ray cliange of radium E, to which the name^, 
r^iuin F was given, is in fact polonium.^ Radium D, either from radio- - 
lead or Irom old emanation tubes, is a convenient source of polonium., 
It may be separated by any of the metliods already mentioned, or by 
S electrolysing the nitrate of radiolcad with a cathode potential of 0-08' 
volt referred to miTenry. ^Vhen it is not required to remove radium E 
higher eurieut densities may be employed and jwtcntials up to 0-5 volf. 
A furtlier purifieation may be effeeled by distilling at about 1000*^ C. ■ 
in a very slow enrrent of iiydrogen and carbon dioxide in a quartz tube. 
The polonium may be eollectc'd on a platinum or palladium plate placed 
where the Ic'iiiperature is 700°- 1)00“ ^ The best yield, however, 80 per 

cent., is said to be obtained by rotating a copper plate in the solution.^ 
The atomic weight of polonium should be 210. It emits a-rays of 
range 8 r)8 cm. in air at normal temperature and pressure,'’ and 3'83 cm. 

" at 15° C.“ The initial \eloeity of the a-rays is l-59;3x lO*-* cm. per sec.^ 
JDebicrne measuiTd the rate of })roduetion of helium by poloiimm and 
obtained 0-589 cubic mm. m 587 days from a preparation initially 
emitting 5-99 'x 10*^* a-partieles per mim.te.” 

Polonium ill equilibrium with J grin, of radium, that is 2-19 X 10"^ 
grin., generates 25 86 cal. per houi.^ 

Twot mgni. of a very eoneeiilrated polonium preparation, probably 
eoirtaming Od nigm, of }K)lomuni, when examined sjieetroscopieally 
gave several new lines vvhieli may Ix-loiig to polonium. Three were 
weak hfics, t0t2 0, 3913-6, and 3652-1 A., and one strong, 4-170-5 A.^" 

The period of half-ehaiige of polonium is 136-5 days.“ 


' Dc'Imoihc, H(nhon''l Ekklton , lllOl, i, 220, I'ompt and, 1004, 139, 281; 

,/aJith lindioaU h'lcUtori , 100.1, 2, \Xi , l‘hyukal 'Adlsch , 100(5,7, 3G9 ; 
Curio, ibid ,\ 00(), 7, 14(5 . ( 'omiA, lend , 100(>, I42 , 27:1 , Kavois, Physikal. Zdiach , 1 00(5, 7, 148. 

“ (iu*.st'l (jbfiontMl ii .studll it‘.Mdual «-uu .'ictivilv, Her., I0o:i, 36, 2.‘108 , Itutherford 
at lU'ht cnllod It ladium K, Phil Mug., 1004, [(5|, 8, (5:i(5 , 1005, [h\, 10, 200 , Pkil Trans., 
lOOi'j, 204A, 1(19 , M-o iilatt and von Scliwcidler, K Akad II lis II’jch, 

1006,114,1105, 100(5, 115, i>;i, (.97 , Mrnc V\mv, Phij'^ikal ilsf A , lOOb, 7, 180 , KIster 
and (JiMtol, ibid , 1007, 8, 27:5, 77(5 

Panoth and Aon Hilzung.sbd K Akad ll'as/j. Ilicn, 1013, 122, 1040, 

‘ Moitner, Physdal 'Ankih , 1911, 12, 1094 
•’ van dor .Mciavo, Phil May , 1023, [()], 45, 370 

* Ixivm, Ajiui Set , 100(5, 22, 8; KAvoia, Phyukal Ziilseh, 100(5, 7, 148, Kufiora 
and Masek, ibid., 030 , (jloigoi and iNutlall, Phil. Mag , 1011, [0], 22, 61:5 , Moyer, Jahrb. 
Radioakt. tlektion , 1920, 17, 80. 

’ Irene Curie, i'ompt tend., 1022, 175, 220. 

“ Debieine, Ann. Physique, 1014, [9J, 2, 428'; aeo also Cuuo and Debicino, Comjfl. 
tend., 1910. 150, 38(5, Le Radium, iOlO, 7, 38; Itutherford and BoltAvood, ibid, 1911, 
8, 387 

® So((dy, .4 m» Rep. Chem Soc., 1912, 9, 311, see also Duaiio, Compt tend., 1909.,, 
148, 16(56. , . 

‘ ('uno and Dcbicme, Cotnjd. rend., 1910, 150, 386 ; Le Radtum, 1910, 7, 38. ji, 

' “ Giesol, A^v. Physhk, 1899, 69, 91 ; Meyer and von ScliAvcidler, K. AkadiA 

Wiaa. Wien, 1905, 114, 1195 ; 1906, 115, 63 ; Rutherfoid, Phil. Mag., 1905, [6J, 10, 2^;*’'; 
MarckAvald, (Irciiiocher, and Herrmann, Jahtb. Radioakt. Elektron., 1906, 2, 1.36 ; iTrei*,-’' 
nochor, tbid., 13tt; MarekAvald, Rer., 1905, 38, 591 ; Cuiie, Uompt tend., 1900, 142, 273 
-Pkyftikal. Zeitsch., 1906, 7, 146, 180; Elster and Gcitel, ibid., 1908, 9, 289; Rogoner,^, 
t.iic Radiun/f\ 1911, 8, 468; her. Demi, phyukal Qes , 1911, 13, 1027 ; Waters, Phil, Mag,,:f. 
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ivio, L6J, 19, 006 ; ^^i*n Schweidler, Her. Ihut. phystkal den., 1912, 14, 636. Recently the I 
value 1 : 19-6 days lias been gircn, Maracincaj^ Compt. rend., 1923, 176 , 1879, ana th^ 
ln>oniaiional ('onimittee on Cxioiuieal £leme;m has adopted the value 136 days, 

Amer. Chem. Soc., 1923, 45 , 867, 



f '■ <3Ol#O0m{C^ ' , '.t^':! “ m ‘' 

^V Sbiohiuiii tends to dissolve in platinum and palladium and/presiiiti- "? 

to form an alloy, since polonium vapour deposits jireferentially 
vibn .these two metals and cannot readily be removed ‘by nitrie, 
'''acid.i 

" Polonium belongs to the sixth group of the Periodic Table, the suliihur ' 

■ group, and is proliably identical m properties with radiiuii A.“ A c‘arefuf 
' Study of the electroelKMiiistry of jioloniiini has been made, using gold 
electrodes in a 10 ** Absolution, deeinonnal uitli resjieet to nitric aeid.-’’ 

It may be deposited on the cathode in the nietallie slate, or on Vlu' anode, 
probably as jieroxide, aeeordiug to eoudilions. 'I’hc decomposition iioten- 
tial at tile eonccntration studied is, foi cathode deposition, 0 35 volt 
against mercury, and for anode deposit iou 1 -05 volt. The normal cathode 
potential is calculated to be 0*57 volt, 'jflic calculated normal })otential 
of polonium peroxide in 10"^ A’ nitric acid is 0*80 volt, wliilst that of 
lead peroxide is 0*82. 

Diffusion experiments m solution show tJud pohmmm is bivaleiil.' 

- Polonium has a teiidcney to form colloidal solutions whim alkaline, 
neutral, or only faintly acid.’ 

Polonium Hydride has been jirepared b\ generating [\\ (irogcii liom 
magnesium iii the jirescnee of polonium. The polonium'iiiagiK'sium 
mixture is formed by volatilising polonium and eondensnijf on magiK'sinm 
powder, winch is then mixcd*to give a jiroduet of uniform activit\. It 
can also be obtained by addftig magnesium powder to a solution eon- 
tainiiig polonium, or by the electrolysis of a feclily acid solulion with 
niagucsmm foil as cathode. " 

Poloiiiuni hydride decomposes spoiilaiieouslv even more re!iilil\ lhan 
bismuth hydride. It is decomposed by passing through uiilxfilcd dis- 
tilled water, Imt not tlirougli air-free water. It is also decomposed by 
jiassing through dccmormal sodium hydroxide rv’ silver mt rate soliit ions, * 
by drying, especially by phosphorus penioxidc, or by conden'jiiig m 
li(piid air and re-cvaporatiiig.'’ 

Radium G, or Uranium -Lead. - Since radium F emits an u-parliele 
it must gi\e rise to a product of atoime weight approximately 200, and, 
indeed, ionisation by recoil atoms from ])oloiiiuin lias bet'ii observed. 
The range is 0 cm, m air at 1 mnv. pressure, or less than 0*1 mm. at 
ordinary atmospheric pressure.’ This is the only direct evidence 
hitherto obtained of the existence of radium G, tlie dismli'gration product 
of polonium, because, whatever its nature, it is not radioactive, and 
therefore cannot be detected by that means. 

Theoretical considerations, which will be dealt with later, ** iiulieafe 
that an element which is formed from radium F by the emission of an 
a-partiele may be supposed to occupy the same position as lead m tlie , 
Periodic Tabic. Boltwood first made the suggestion that had is the 

‘ vm and VanMx, Httzutigsber, K Akad,Wf>i ll'tcn, 1913, 122, lOUJ, Monnlsh., 

1915,36,45. 

* Muszkat and Jlcrszlinkp], J, Phynqut ct Le Radtum, 1921, 2 , 16. K<ji juopoities of ‘ 
‘'polonium, .see also Rutherford, Nature, 1910, 82, 491. 

® von Hovesy and Paneth, MonaUdt , 1015, 36, 45. ' ' 

* von Hcvesy, Physiknl ZciU^ch., 1913, 14, 49, 1202, Phil Mag., 1013, 25, 390. 

* Paneth, SUzung,sbcr K. Akad. Wise. Wkn, 1912, 121, 2193 ; 1913, 122, 1037 , KoU ' 
Zeitach , 1913, 13, 1, 297 , von lievwy, Fkyatkal. Zntsch., 1913, 14, 12W2. 

'L' *1Paneth, BeT., lois, 51, 1704; Paneth and johannsen, tbid,*\Jd22, 558, 2022, see 
^ Also Lawbon, Monatsi., 1915, 36, 845. t 

j > , Bianu and Wertenatem, Compt, rend., 1912, 155, 476. 

See section on Isotopes. 
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end-product of the series,' lead being always Toimd in f!he minerals 
containing radium. ^ Debierne observed that in a specimen of polonium 
the line in tlie sjieetnmi, tl7()-5 A , disappeared completely after two 
years, \\}i list the stienglh of the lead lines mereased.’ 

The fact that radium (I, being formed from radium by live sueeessive 
a-ray changes, should have an atomic weight of 2‘2(i-.5 k t--_2()0, might 
be expected to prove a diiruailty m the way of accepting lloltwood’s 
theory. Samples of lead from uranium-radium minerals have been 
found, hov ever, to gi\e an atomic weight of very little more than 206.’’^ 

Isotopes. Tutil about li)12 or no systematic study was made 
of the ehemieal projieities of the radio-elements, especially of tlie more 
transitorx oiu's. It was natural, however, that some speculation should 
ha\e arisen as to the vffeet ol tlu'se sueeessivi' radioactive changes on 
the ri'sidual atom. In 100(1 Lucas,'’ from a study of von Leieh’s experi- 
iiK'iits,’ eoneluded that each radioaeli\e element is more electronegative 
than its predeei'ssor. This was subseijuently shown to bc' meorreet,** 
and it was reeogmsed that an a-raN transformation has a different effect 
from a /Lray change'.’* ritimately I'ajans foimulated the following dis- 
lilaeemenl rule ■ “* 

Th(‘ ])iodiiet of an a-raN change' has a position in the IVriodie Tabic 
two ])laees to the left of its predeeessev, and the inmluet of a /8-ray 
change' one' phu'e* to the' right. 

It might, pe'rha|)S, be* be'ttei expre'ssed bv saving that an a-ray 
eliaiige' reelue-e's the atomie' numbe'r by Iwei, wlu'reas a /8-ra\ change m- 
ere‘a<.e's it b\ one'. \Vliethe'i the u'sulting element is more e-U'e treipeisitiN e 
or more elee-tremegatiN eelepenels upein thepe)sitionofthe parent substance. 

In the' raelnim ehsintegratiein serie's there only ajipears tei be* eme 
exerptieni to tins lule. Ibuhum give's emt bedh a- and j8-ravs. Appliea- 
tiem eif the dis|)laeeme'nt wile wemld le'ael to the e\]K'e'tation e)f branching, 
00 02 pe'i’ edit, ol the* radnim Ibiming emanation bv an a-iay change', 
and H 10 ])er cent. Idrming a tei valent e'lenu'nl bv a /8-ray e'haiige. 
JJraiH'hing deies neit appe'ar tei take- plae'c, and no salisfaelorv e'xpla nation 
has been guen, but it has lie'cn suggeste'el that the /8-raeiiatie)n eleies imt 
come frenn the' nueleus but is a se'coiulary raeliation e'ause*el In a Irans- 
fereiu'c eif eneigy freini a-iavs tei ele'e'trons in the eniler shells.'' 

' OijIIvmkmI, L* Nodtinii, ISHV), 2, 1(1(1, (/«<•/ ./ S( i , 15)07,23,77 

2 Holim-s, r>or ««// ,So< , iyiJ. 85 A, 2 t 8 

*' Dcluc'im', inn 191 1, [9|, 2, 128 

‘ S(‘(‘ section on lsoto|)es 

tliclmnlh and Li'inbcit, Z( dsr/i anon/ ('hem, 1914. 88,425), ./ ('him iSnc., 

1944, 36, i:i25), Kieluuds and Wadsworth, ibid, J9I(I, 38, 221, l(i.)H, 2012, Pior Sat 
Arad (’ S A , t5)10, 2 , 094, Jticluids, Salnrr, 1919, 103, 74,93. F.ajnns, Zeitarh. 
Elektrorhnn , 1914, 20, 449, iMauiieo (^iiio, und., 1914, 158, 1070, flonifisehmid 

and HoiomI/, ihid , 1914, 158, 1790, Monatsh , 191.7, 36, 355, l)a\is, ./ Physical 
(Vicm , 19,18, 22, O.ll, see ./ ('him Eor., 1919, 116, Ahs n, 107, Modds, Tiaii'i Chein. 
(S’of , 1919, ns, 1. 

® Lucas, Phy^ihal Zntirh , 1900,7,340 

’ von Leich, .1 h«. Phyiik, 15)00, 20,345 

” Fnjans, Le '^ladnnu, 1912, 9, 239; von llevosy, PhysikaJ Zeitirh , 1912, 13, 072 

® I'dcek, ('hem ,\eiin, 1913, 107, 95, von He\esy, Phynkal Zcit-ich , 1912, 13, 072; 
1013, 14, 49, Ijp Hadium, 1913, 10, 05, llussell, Chem Stwn, 1913, 107, 49, MeUe'ner, 
Jin., 1913, 46, 979, Soddv, The Chemtt.try oj the Radio- Ehnunta (Longmans, tircon & 
Co.l, Pait IP, 1914 ‘ 

Fujans, Bei Ih.id physdal , 191#I5, 240, Le Radium, 1913, 10, 57, 61, 171 , 
Bir., 1913, 46, 422 ; Phmikal ZeiU^ch., 1913, 14, 131, 136 ; Noddy, ('hm Sem, 1913, 
I07^»97 ; Jahrb Kadioaki. Elelrthn , 1913, 10, 188'; Nature, 1913, 91, 57. 

Hulm and Meitner, Zeitsch. Physik, 1920, 2, 6i0. 
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Bcgiimin^r with racfium, the position of which can he fixed in the 
Periodic Table from a knowledge of its properties and atoinie weight, 
the positions oi all the succeeding products nia\ he delermmVil. 



TIk'^ atomic numl)(‘rs are m hiaekcds. 

It will he noticed that the following groups are each eonijiosed of •* 
elements which oeeu])\ the same pl.iee in tin* IVrioda* Table -that is, 
W'liieli ha\e tlie same atomic number' 

In (iroup III, thalluini and radium 

IN’, ordinary lead, ladium H, ladium 1), radium (i, and the 
product of radium t 

„ ,, V, bismuth, radium (', and ladiuin K. 

,, ,, \’l, radium ( radiiiin and ladiuni F, or poioiipim. 

It is an interesting fact that, as was seen in discussing the chemical 
properties of the radium disintegiaiioii senes, in just lh(‘sl‘ groups, 
whcrcNcr they ha\e been amcnahle to ehemical examination, the 
elements are sliown to be chemically Jiiscparahle. Tha^ is, no, matter 
what chemical or elect roehcmieal treatment a mixture of such sub- ; 
stances undergoes, their ratio remains the same at the end as at the 
beginning. II they are not radioactive, tliey are also, from most points j 
of view, practically physically indistinguishable and insepatable. For 
, 

1 Fajans. (.'hein Znl , 37, 242, Ii<r Iknt (Jvi , HUS, 15, 240; Fleck, 

frana. t'hcm Sw., 1913, 103, 381, 10.52 * 




;%xax 9 |>l^, melting-points,* moleciilat solubilities, decomposition 

and atomic volumes,* appear to be the same. X-ray spectra^^ 
^appear to be identical,® and light spectra only display very minut^^'J 
: differences when submitted to the most rigorous and careful measure^'f 
» ment.® Owing to differences of atomic weight, how'ever, it is possible ■* 
‘ that such methods as tliifusion,’ or distillation,” may prove effective in 
.bringing about a scjiaration. Such eleiiieiits are said to be isotopic - 
with one another.® The possibility of isotopes ajipears to be accounted ■ 
for by th® identity of the nuclear charge, and hence of atomic number. 
•Instability of the atom or difference of atomic weight does not matter.*® 

Fajaiis prefers to describe the properties of isotopes, not as identical, 
but as equal, and considers it^ necessary to establish the limits within 
which the equality liolds.** 

Isotopism is not peculiar to radioactive substances. Many of the 
ordinary clcm(‘nts have been shown to consist of mixtures of inseparable 
isotopes, which thus l)cha'\c as one element of a fixed mean atomic • 

weight. ‘2 


Interesting consequences result from the phenomenon of isotopy. 
The existence of isotopes .simplifies the study of the chemistry of what 
appears at first sight to he a large number of new elements brought 
to light by the study of radioaetiviU, because it reduces considerably 
..the number of really new tvpes. , *' 

lladium is isotopic with mesothorium, so that radium separated 
from minerals eoiitaiiiiiig thorium will lie contaminated for many years 
with' mesothorium. *'* 


The sigiuficanec of the value for the atomic weight of lead from 
radium-('‘oiitainiiig minerals is at once evident. Moreover, the atomic 
weight of the end-product of thorium, thorium D, should be about 
208, and be isotopic with. load. Samples of lead from thovium minerals 


’ Leinbprt, Elckbochem , 1020, 26, M , ftich.mlt. .in«l Flail, J. \»ni. Vhem. 

Soc.. 1920, 42, ir).')0 

* Fiijuns and F^'iscklor, Zahrh anorg Chem , 1010, 95, 284 ; Kajan-^ and Lonio(‘rt, ibid , 
. 297; Uiohaida and Hall, J. 4w(/ Chem Six , 1017, 39, 531 , Ricliards and Schuinb, 

ihtd., 1018, 40, 1403. 

f * Fajana, Phyadal. Zciisch., 1014, 15, 935; Jahrb. Itadioakt Eklbun,, 1017, 14, 314; 
' 1918, 15, 101 

* Riobarda and Wadsworth, J Amer. Chtui Soc., 1916, 38, 1058 
Riogbahn and Stcnstruni, ('ompt rend , 1017, 165, 428 

* Soddy and Hyman, Tran/i Chem Soc , 1914, 105, 1402 : Honigsehnud and Horovitz, 
Monatsh., 1915, 36, 355, Richards and l^ombort, J Anier Chem Soc,, 1910, 38, 1329; 

’• Harkins and Aronberg, Proc Nat Acad Sn. I' S A„ 1017, 3, 710; J. Amer. Chem. Soc., 
. 1920, 42, 1328, Morton, Pwc Roy Soc, 1915, 91A, 198; 1920, 96A, 388; 1921, lOoA, 

! - 94. 

’ Haikms, Nature, 1920, 105, 230; Science, 1920, 51, 289; J. Amer. Chem. Soc., 
1921, 43, 1803 ; Bronstod and von Hevosy, Nature, 1921, 107, 019 
; * Bryiibtod and von Hevosy, Nature, 1920, 106, 144 ; Zeituch jikysiknl Chem , 1921, 

..99, 1^189 ; Phil M<ig , 1922, [0], 43, 31 ; Egorton, Nature, 1922, no, 773. 

B wSoddy, Chemistry of the Radio- Ele menus. Part II (Longmans, (Jreeu & Co ), 1914 ; 
Ann, Renn. Chem Soc., 1916, 13, 245 ; Trans Chem Soc , 1919, 115, 1 , Fleck, tbid , 1913 
. X03, 381 ; Paneth, Jahrb. Radioakt Elektron., 1914, ii, 151 ; the last paper gives a bibliog. 
taphy of the' subject; see also Fajans, Radioactivity, translated by Wh^Jele^ and Kinj 
' (^thuQn & CcH , Livf ), 1923, pp. 54, 94 

' / ‘ 10 RutherfoT(l‘ti3nd Andrade, Phtl. Mag., 1914, 27, 864 ; see also van dm Brock, Physiked 

: ^TeitecA., mi 

“ Fajans, PhysikaC \Zetlsch., 1916, 17, 1; but see von Hevesy and Paneth, ibid. 
V1916,i7,4. P 

' ^•^'Aaton, Isotopes (AmoRd), 1922. " 

Strong, J, Amer. Chem.'iS!pc., 1921, 43,^440. 



|iven values appfoaqhing 208 .^ Or^iifary lead, in vlc\v^ 6 f the 
^fractional value of its atomic weight, is probably a mixture of these. “ 

'Von Hcvesy and Paneth have studied tlie E.M.F.’s of thei following* 
;galvanic cells ® 

■ i. Pt,Pb02/RaG(N03)2, IIXO.,, RaGO.^ • /Comparison electrode;* 

' ii. Pt,RaG02/Pb(N03)2, lO'-W IlXO). PbOg (saturated) 

«/C'omparis(m electrode ; 

iii. Pt,RaGO2/RaG(NO3)2,10-aA’ IINO^, \()-\\ RaGO. (saluinted) 
r /Comparison electrode; 

and also a cell with radium G peroxide and lca^l pei oxide at different 
.electrodes. All showed that, within thejimits of expeniiK'ntal error, 
there was, cleetrochenucally, no difference between radium (i and 
lead. 

It is necessary to distinguish between t^e association of isotopic 
bodies and occlusion— for cxam]dc, in case*? of ]M*ceipitalion. In the 
case of an isotopic mixture the same proportions are maintained in tlu‘ 
precipitated or crystallised solid as m the solution liom wlueh it is 
derived, or in fact in any two phases m eipiihbiiiim with eae! other'' - 
for instance, aetise lead nitrate solution m contact with le:^d amalgam.*' 

As regards oi'clusion or adsorption, it has been shown that a radio- 
element IS earned down from e\tr%‘mely dilute solution w'llli a prei ipi- 
tate of an ordinary element when, dnder the existing conditions, the 
radio-element itself would he precipitated if present m sullieiOnt eon- 
cciitration. The [irecipitation of a r.idio-i'leiiKMit is govenu'd not* so 
much by the nature of the ions in solution as by the negative jiai I oi“ 
the precipitate.' 

Radioactive isotopes appear to have a sphere of future usefuliu'ss 
as both qualitative and quantitative indieatm of the jiresenee of 
inactive substances. Their employuient in this way has already been 
developed to some extent in several direetions." They may be appluxl, 
for example, to the determination of the solubility <jf very insoluble 
substances. The solubility of lead ehi ornate or sulphide can be found 
by mixing a known quantity of a soluble lead salt with a rndioaehvc 
isotope in solution, determining the activity of a known amount of 
the product resulting on evaporation, preeijiitating the chromate or 
sulphide, washing, and shaking up with w'ater. The amount of mdiea- 
tor m a certain fraction of solution is then determined by cvu])orating 
to dryness and measuring the activity, and as this will bear the same 

' S(jddy aad llyriiaii, Tram ('hem. /S'w , 105, 1402, .Sodd^, Ann Hep^Chem 

8oc.f 1916, 13, 247 ; Horngschimd, Zntsvh Eleklrockem , 1917, 23, 161 , 1919, 25, 91; 
Fajans, ibid., 191S, 24, 163. 

* See Soddy, Rep C'hem Soi . 1918, 15, 201 

. “ von Hevesv and Paneth, Munatsh., 191.1, 36, 79.1 
, - ‘ * von Hcvesy and Paneth, A' iT. H IFien, 1913, 122, ’99.3 , Monatuh., 
'1913,34, 1393; Staohling, Compt rend, 1913, 157, 1430; Richards .ind Hall, Pioc Nat. 
Acad Sci. U.S.A , 1917, 3, 339. ^ 

“ * Stromholm and Svodberg, Zeiluch. ationj. ('hem, 1909, 63, 200. 

>, ® Klomenfliowicz, Compt rend, 1914, 158, 1889. , 

; ’ Fajans and Beer, Ber., 1913, 46, 348(1; Paneth, Phy.nkal Zeitsck , 1914, 15, 924; 

Jahrb. RadimU. Ekktron., 1914, 11 , 451 ; Fajans and Richter, Her., 191.1, 48, TOO ; Horo* 

and Paneth, Zeitach. physikal Chtm., 1916, 89, .113 

* See Paneth, Zeit^ch. angew Chtm, 1922, 35, .149, who has given a comprehensive 
(f&Munt of the uses to which they may be put, Fajai^, RadihaHivity, trarwlaU'd py ■ 

and King (Methuen & Co . Ltd.), 1923, p- 105 
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ratio to tho lead as initially, the solubility of fhe sparingly soluble lead 
salt ean I bus be caleiilated.' In a similar manner rates of solution can 
be delern'nned.- 

TIk' amount of adsorjition of certain substances by [irecipitates, or 
eoll()i(ls, or lilt('r-pa])cr, may be measured by the activity of the radio- 
aetne isotope mi\(‘d wiili it.-’ It is also possible to measure the surface 
of pimders,* to study the (“onditions of formation of unstable eomjiounds, 
such as bismutli hydride, and the (‘\tent to which they aie formed,'* to 
study tte -liehaMour of ions in solution'’ ami of substances at higher 
dilution tliau can be reeognis(‘d by any other method,^ to determine 
the ('\l<‘nt of th(' self-diffusion of nu'lals such as lead and of salts near 
the ])oint of fusion,'^ and so on. 

The Origin of Radium. (‘om|)ared with the length of geological 
periods the life of radium is \ery short. It seems unlikely, then fore, 
that radium is a jnimary (‘leinent. Rather is it to be e\p<‘eted that it 
derives from some other .-adioaetixe element of very mueli longer life. 
It has lieen ludiealed already that ladiuin is always fouml associated 
v\ith uramuni lAcept where obviously sulijeeted to alteiation, and it 
was eaily suggi'sted that uranium, which was shown by Reeipierel to 
be radioaetue, is the original paient of radium. This eoiu'lusion is 
borne out b\' the fact that mold unalfc'-ied mineials, m which it may be 
supposed that radioactive etpidibrium has been uaelied, tiu' ratio of 
radium to uranium is praetieall,' constant, being Jt-K) i 0 03 JO' on 
the Ints'rnalional Radium Slan<laid.'‘ 

' 'rhe eonstanev of this ratio was first observed by several indepiMulent 
workers in lOOt. MeC’oy "^•onl})ared the aetiv ity of thin lilms of mineral 
with that of the iiramiim contained in it. Roltvvootl “ and Strutt 
determined direelly the (piantitv of ladium by estimating the emanation 
released on dissolv mg m acid. 

The iiK'asurements of later investigators .substantially eonlirmed the 

‘ voa Itcvosv and I’aiu'Oi, Z( anoKf ('hem, llll.’l, 82, 1123 
® Vdii llovo^v and Kona, pfuf'^thtl i'htm, 1 !)!.>, 89, 294 

' llounit/. and I’.uietli ihul , 191.1, 89, .113, I’.UKdli, Zetl'irh , 1914, 15, 

924, Jolith Radunikt Rlrktioii , 1914, II, i.ll 

‘ I’aiudli, (OrA AVJUof/aa/i , 1922, 28, 1 13 . I’auctli and \ orwc'ik, /fi dst/i p/n/sihal. 
Chm . 1922, loi, 44.1 

I’iinclli, Z(itM(h Mli'khadtrm , 191S, 24, 29S , Hir, 1918, 51, 1704, 1728, I’.inctli 
and W inU'iiut'z, ihid., 1728 , I’anoth and Kurtli, ihid , 1919, 52B, 2020 , I’anolh ainl Nornng, 
ihid., 1920, 53B, 1093 

® von ilcvi’.sv, Phi/sikcfH Zntsch , 191.1, 16, 52, von [l(‘Vo\v and Zeoh mooter, Bpt,, 
1920, 53B, 410, Znl'^dt I'Jh ktnxf/t m. , 1920, 26, I.ll 

• " von AVfd/rof/ir/w , 1912, 18, .140 , 1913,19,291, k*/ii/siknl Ziitir/i, 

1913, 14, 49, 1202, 1911, 15, 797, SilziiiK/dm A Akad Ihs" llnw, 1918, 127, 1787; 
I’anolli, KolUnd ZftlM'h , 1913, 13, 1. 297, Jahrl) RadimU /'JIcktion , 1914, ii, 451; 
von ami I’antdh, Physikal ZeU'>(h., 191,1, 16, 4.1, Monaldi , 191.1, 36, 4.1, 

riijP'^ikal Zrii-v/i , 1913, 14, 29, llodlewski, Kollvid Zeitsili , 1914. 14, 229, Lach.-i, 
ibid, 1917, 21., 10,1, Whs and Jters/finkcl, ./ J^/iijiique H Le Rtidiuiii, 1921, [0], 2 , 
319. 

“„von ZLitf^rh Elvktwrhnn , 1920, 26, 303, Zviltch Phyuk, 1920, 2, 148; 

Oroh and vonTlovwv, .Ihh Phijsik, 1920, 14J, 63, 85 

® Lind ami Kobcits, ./ Amr. Chon Sac, 1920, 42, 1170, aoc also Kulliorford, Phtl. 
Maif , 1914, 10 If 28, 320 

Mtl'ov, Bn , 1904, 37, 2041 , soc also McCoy and Ross, J Chon Roc. .1907, 

29, 1098 

Kollwood, .)r<.7 J So , 11X)4. l8, 97 , ynturr, 1904, 70, 80 , Lr Radium, 1904, 
I, 45, Phd Mag , IQ05. 10],/9, 590; sec also Kulhcrfonl and Boltwood, Amcr J. Sci.,,- 
W05. 20, Cm , 1900, 22, 1 , JA' Radium, 1900, 3, 197 

'2 Stiutt, Salun, 1904, 70, 222 , Pwc. Roy. Soc , 1905, 76A, 88. 
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RADIUM AND ITS COMPO^ 


SOS 


^rlier results but rcveffled certain exceptions. ' SceoinlHry minerals, 
such as autunites and chalcolites of coinparalivcly recent fovnuil^on, 
give a low value for the ratio. This may be due to either or U^th of the. 
following causes : (1) to tlic recent formation in' the mineral, so tluil it 
has not yet reached radioactive e«pnhbriuni, or (2) to the loss of ra\liiini 
by percolating water or some other eheimcaPagi'iiev. .‘(Vrtain pitch-* 
blendes, and even a ehaieolile, ha\(‘, iiowe\ei, been foiiinl to gi\e a 
higher value than normal, but it has larn suggested that here also 
alteration may have taken place, radium bi'iiig transferriKl J)v water 
from one part of th(‘ inmeral to another. 

Kxpcriinents w'cre made to determine whelhei radium is directly 
produced from uramuiu. Soddv used a uraumm iiiliafe soliihon freed 
from radium In pri'cipitatiiig haiiiim as^ sulphate in the solid ion. .V 
steady growth of radium was obs(‘i\e<l, but miieh slower than was 
expected.^ lioltwood, on the* otiwr haiul, b\ using iiiamum nitrate 
piirilied by a largi* number of reer\ stalhsat«T)us. obi, lined no cMdenee 
of the prodiietion of tadiiim fiom lOl) gim of uranium mtrali‘ over 
aOO days.3 

It was (wident from these experiments that at leas! one ladio- 
aetive snbstanee' of \eiv slow rate ol traiisloi mation must •onie betw'e'Cn 
uranium and laduini. This <'(Mielusion was xeiifK'd bv'^'lhe diseenery 
of ionium.' All uranium mwierals are found to eontain ionium, and 
ionium heed from ladium gfows rii<limn at a lapid late Ordinary 
comniereial prepaiations of uranium nitrate slowly grow radiiyu owing 
to the ionium miliallv present m them, but no growth is ohs('i\ed when 
the latter is eonijih'tely riMUOwd, thus mdieatmg a niueh longi'r hie for 
ionium than for ladiinn.’ • 

[onnmi, howe\er, is not ilu' only siibslanei* between uiaiimm and 
radium. So far as is known, the following sugjresled sehenii' represents 
the line of direct descent from uianmm to railium" , 


It (i (i (l u 

I'i'iaiuiii I vl’iaiijiim V, ►Ci.iiiium \, '■I laiiiiitii I l->-liinuiiii -•■Ihuliiini 
vr i\ \ VI i\ II 


The Uoiiiaii numerals below the names of the elements mdieati* the gioup 
111 the Periodic 'I'able to which these belong. 

• (iiniiiM’h. r, /fW, liioa, 148 , ii.)i . 149 , 207 . Lc liwiiuiK, i}i(i!i. 6 , nr., mil, 

8 , 2r)(), Au/tw Mnl/i Xatuind i'hu^ianin, till!), 36 , No I . Sitdih. \tiliitf. lidU, 
84 , 290, S(i(l<lv .wid l*ai»'l. r/til Miiif , lUla, |li|, 20 , .115, 1911 jOl, 21 , 052, Sndily, 
ibul, 1919, (OJ, 38 , 485, .Suddv .mil Mdihins, ibid , 1915, (()|, 30 , 209, Hnsscll,_.Vif/H>/', 
1910 , 84 , 288 , M.iri kwidd .and I tussoll, ./«/(;/> Uiuhoakl Khkhon , 1911,8, 157, I'ht m 
New.'i, 1911, 103 , 277 , Un , 1911, 44 , 771 , Ifi-irn.aun ami M.in ksv.dd, Jahib limUonkl. 
KkUron , 1918, 10 , 299 , Kiitlierfnrd, Phil Mnij , 1914, (0|, 28 , ,120, Lind and WhdteinDri', 
J. Amei Chm. . 1911. 36 , 2000, Biskci and .Jannasi li. Ja/nb. l{fithoiiU 'Plcktron . 
191,'), 12 , I , .Johnstime and Boltwood, Phil Mtig , 1920, |0|, 40 , 50, ./ Sri , 1920, 

50 , 1 , Laid tind BobritH, ./ Amri, ('hem Sor , 1920, 42 , 1170. ^ 

a Snddy, Natiirv, 1‘Hll, 70 , 80, 190.5, 71 , 291 , Plul ]f<tfj , 1905, [O 4 , 9 , 70S ,*S.iddy 
and Mfifki‘n/ 10 , ibid , 1907, [oj, 14 , 272. 

' Bdltwnod, Aiiifr ./ Sn , 1905,20,289 • 

. * Bdltwniul, ibid. 1907, 24 , 870, 1908, 25 , 805. 198, PhifsiU Zukrh , 1.907, 8, 
884. • 

® Snddy and .Mack(*n/u‘, Phil Affuf , lfM)7. (0|, 14 , 272; iSnd(J^, ibid, 1908, |0). 16 , 
632; 1909. |G|, l8,.840, Pior Phi/mal So, , 1909 1910,22, 12. Siwldv and flili-lim'^. 
Phil Ma^j , 191.5, [of, 30 , 209 • 

* Soddy, Alin Ikp Chciii. Sor , 1912, 9 , 321 ; 1913, 10 , 208 
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THE PHEnFX'ESSOHS OF RADIUM. 

Uranium 1.-- It was in iiraniuni lhal tlicplu'iionu-iionol radioactivity 
was first rcco^niscd.^ This I'lcnicid ^ivcsont a-ra\s. From a compari- 
son of the jomsi‘'ii>' powt'r of mamiim (lcpri\c<l as fai as jiossiblc of all ils 
products, wilh the lomsinj* pnwiTof the othci a-radiatinp memhers of 
.the senes, il was sven that manium must he emittiiij; twice the number 
of a-raysfpu n out 1)\ an\ oik' of the substances in eipiihbimm with it.- 
This was eoidiimed bv Ihediieid emmierafion bv the semtillatioii method 
of tlie a-])artieles from thin films of manmm and liom mineral films eon- 
taininji; a known ipiantitv of ly’amum ’’ * DctiM'imnalions of the ran<f(‘ 
also seemed to mdieati' that «-pailieles of two sh»rhl Iv diffei iii^r ranges 
are emitted. ■ one of ran^e 2 5 em. at la and the other 2 0 <'m This 
indieatc's tlie jiK'si'iiee m uranium of two si^parale elements, each emittin<if 
a-ravs. No ehemieal nu'ai'ls has been found to separate them, nor can 
the\ lie S(‘j)araled b\ (tdlusion m solution, beiiia of the same \alenev.'' 
Therefore they ari' probably isotopic, and it is ob\ioiis, bv th( dis|)laee- 
nient rule, that one cannot Ik* the immediati* sueei ssor ol the other. 
Hy eoinitiiij» the numbei of a-paitieles ]»er ‘^ram of uiamiim, and assuin- 
in{f that lialfeome fiom tin- piimai\ (‘h-r.ient, a peiiod of appro\imalelv 
5 ,■ lO'* yi'ars for uranium 1 ma\ ih-dfiei'd. " .\ similar value is 

obtained In eoiujiarm^r the weiffhts (it radium and manium m eipiilibrium 
with oner another.'' The most recent \alu(‘ ijiven is I 07 10'' \ears.'' 

Froduetion ol iK'lium from uranium has bi'cn obsei vi'd.*” 

The ehemistin of urannnn and its eom])ounds is dealt witli else- 
where.’’' 

Uranium X,.- Ordinary uranium preparations ( init j^- and y-ravs, 
as well as a-ra>.s. ('ioo’<es showi'd, liowiner. lhal uranium <‘ould bf* 
oblaimid pholojfiaphieallv inaelue, that is fieid fiom /^-rays, b\ preeipi- 
tatin<j; w ith ammomimi earbonale and dissolviu^f m e\eess of the reai»enl. 
A small insoluble lesidiie, eonsistine juobabl} ehu'flv of traces uf non, 
contained the /j- and y-aeli\ it v.’- In fa(*l. the sejiaiation is he lped by 
the addition of a little iron. Heeepieiel preeipilaleal tlie same substance 
aloiif^ with barium sulphate.” It was at tirst known as manium X, 

' Hot (nu‘i('l, Ciiiitjii tnid , ISOI). 122, 12 a. 'lOl. .Via, liSll, 7 l» 2 , las(i 
- ll()l(\\oii(i. .!//((; ./ .S'f’i . laas, 25, 2li1> 

' (ieiLrei .Iiiif lliillifildifl, Phil l/'C/ , I'MO, [(i] 20, <)'.)! . /.<■ litvlium, 1910, 7, 225 
‘ linaMi. I'lot Poll Soi . 191(1. 84A, iril 

Ceii-ci .111(1 .XiUtiill, f/iil J/fW, 1912. fill, 23 , 139, s(m« .iLmi lodi. L, liadiitm, 1911, 
8 , 101. t’l led 111, mil. Sit-:iniii',lin K ILiid U’i-> Harr. 1911, 120, Idlil , Mij'd and 
Vauolli, ibid , 1912, 121, 12.1!, 1 103 

* veil JleM-'V and l’ii(ii(iU\, f'/uhiknl Zutsili, 1913, 14, 03, Phil l/zn/ , 1913, fO], 

25, tiri 

■ Si'cflfs,, K Ahiid Ills. II a /r, 1913. 122, 12.i |. lOS.'i 

^ (iciui'i find Niitt.dl. (or III . s(‘i' .d-M) 'NUCov. /Va/' /(( r a //>, 1913. I, 401 
■' See liipTiiiitiirn.d ( 'oDirnittiT mi ('hmimal l'’l( rtu-nlf', ./ .Lin/ Chim tSo< , 1923, 
54. 

Soddv, NalniF, 190S, 79, 129, l.i liadiiwi, 190S 5, 3(il , P/n/iiikul Zvii'^ih , 1909, 

10 , 41 

1 ' Slv Vi.i VII, i\iti in 

Ciooki'i Pioc Roll Roc , 1900, 66, 409, se-o a,Ko Snddv, Phil Mnq , 1909, [OJ, 18, 

861, 

*•* Heefim'ii’l. C(ivi)il und , 1900. 131, 137. 1901, 133, 977; yedd\, Trany Ckem. 
Soc.. 1902, 81, 860, ihui. 1910. 97, 196, Soddv and Ku-sscll, Phil Moj, 1909. 

[6], 18, 620 
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l)ut, later, when it was foiind to be ae<‘()in|)jiniefl by anotlier lu \v radio- 
active substanee, the two were distin}riiislu‘d as nramuni X, and 
uranium Xj respeetivelv. • 

Uranium Xj can also becjlitamed by extraetni*; uvamnin sail solutions • 
with ether or otlu r oijranie solvents, uranium Xj remainin'^ m thea(|u^'ous 
layer.^ On rceiw stallisint 4 uianvl niliale most of^he maniiim X, leniams 
in the mother li(|iior.- Ki^etman smi^ested lor tlie separation the addi- 
tion of a little eenum salt to the ur.mmm solution, and its pieeipilation 
m aeid solution with In dioduoin* aeid.* It mav also lie absorbed bv 
ehareoal,’ basic leriie a<*elale, ‘ and bv \aiious oxides, sulpliiites. sul- 
phides, and f^elatmous siliea '* 'I'he separation of uianium and uianinm 
X| has bei'ii uiisueeessrnlK attempted b\ ealliodie pnl\«-iisalion m 
rnnw.’’ , 

ffahn su^^^u‘st(‘d the follow me method as the one most fa\ouial)Ie 
lor the sepaiation o( luamiim X, '' ri.mmm imiate is lirst fiaetion- 
ally ervslalhsed Iroin watei to leniove the ij[i<iftei jiait of the uranium 
herrie ehloiide is then addeil to the motlui lapior m the propoition ol 
aO m^in to 101) erm of uranium ml tale, and the non is then sep.i- 
rated Iroiii lh(‘ diluted solution bv addmij ammonium Indioxuh and 
ammonium eaibonate with imkI’uI w.nmmi(. 1 raniiim X, is adsoilad 
h) the non it no weiufhalile (piantilx ofthoimm be pH'senl It niii\ bi 
li'i’ed fiom nianium l)\ ledissc^Knie and upi< < ipitatinj; with ammonia 
and ammonmm eaibonate • • 

Ihe |)eiiod ol ludf-ehanife ol ur.uiium X, is ‘J.‘{ 82 ' OOTa days.'' It 
emits soil /D’-ra\s,‘" so soft that they wer<* at Inst taken for a-l.l\^ " A 
hard /J-radiat ion ascribed to it was aflei waids loimd to be du<‘ to uianiflm 


Xo.'- It also lines very weak y-ravs " 

Diffusion expeiiments m solution show that uranium X| is Idia- 
valentd'* It IS isotojiK* with I hoi min'’ and ionium.’'’ and t heii'foie has 
the same ehemieal projiei 1 les. • 


' \Auyi, J. rin/anil C/iuii I 'Ho. 14 .m,! s. Iilnn.ll riitl l/.e/* I'HKi, 

It. I 12, .lil'l, 

So(l(l\ .111(1 Mus-.cll, l„r ,,l . .il.vo Cdillcxislu. \lu>i . I'Mir,, |».|. 10, ir. 

Ki'cl rii.oi, Jfiliilt IhiiliodlJ hhUion, l!)l)'i 6, ii.S l. \ .nid |{ii'-'( 11 ,ul<l (lidoiiin 
iiili.itc, siiui thdiuiiii is tiu' i-(i((i(ic, V’/rr/is .S>i( , I'l.M 123 ‘JolS 

' ltit/(’l, }ifti(‘,il,ul (him, 1!)0',I, 67, 721 l''i( iiiuIIk li .iixl Kacioplt 1 , 

ibid. JSIl.), 90, OSl , I'K'ututlu h. Ni'iiiii.mii. .iiul K.iciniilii, /V(//'(/(f/ Zut^ih . l')|), 
I5( •>•‘17 ^ ' 

^ Itnaoi, Tmus Chnii Sm , I!122. I21, I7li), ''/il.iid I'omid uml , I'll)') 149, ll:{ 

\\ ojl.isK msKi. 1 1 Hudinm, I'll'l 10, ‘{1.5 1 Mi- ) 

■ von '/.ntsih phiMkitl < him . I'Ho, 71, V,! 

Halm, Hlt , 1021,548, llltl, Mo\(m .uhI \on ."sr Ium ii||( 1, hihih Undinnkt hlcklion , 
1009, 6, 390. 

* Kirsch, K Akn^i II II » l')-20. 129. 'lit') , m.m, alsd Uullicilord mnl 

SoiUly, I'hti Mm/ , l'J()3, (li|, 5, m , Sdddv ami It.i^sHI ibid , I'.llO, plj, 19, SIT 

8o(ld_\, ruin., ('hem Sue, 1902, 81, .%(» , \,iliii,, 1909 80, 37 , /’/o/ I/m/, 1909, 
LOJ, 18, S.',S , I5wlh(‘i[drd and Ciict, ihid . 1902, Inl. 4, ■{23 la vm, rinpikal Znf.i^i , 1907, 
8,08.), 190S. 9, ij.M. llidin .and l{d1hci>I.,i( li, /^((/ . 1919 20, 191 • 

lless, K iiiid lli.s 1907. 1 16. 1 2.1 1, l09, la-vin, /'hi/u/.ftf 

/(■i/scA , lilOT, 8, 129 • 

Sco F.ijjiiisand Coining, Phi/mknl Zeilsih l'H.I. 14, S77 * 

Noddy. ('hem .W , 1902. 81, Sl.0 /'/<(/ 1/m/ . 1910, [Ol, 20, 312 , .S..dd\ and 

Ru.s,sell, iXiUuii, 1900, 80, 7, f'hi/.dnl Ziil.ih. 1909.'io, 249. /Vo/'l/m/, 1909,’ 111 |, 
18, 820, Hvc*, Pfn/^iiknl ZiiUirfi , I007, 8, I.S.7, B.icvf‘i, ll.din, and Meitner, dud , 1914, 
IS, C49 , Kicliardson, ]'hil .1/m/ . 191 1. fllj, 27, 2.72 * 

'* von ftovesy, Physihd Zeihrh . 19i:{, 14, 19. 1202 
Fleck, Tians Chon Soc , 1913, ro2, 3SI 
>• Noddy, i/nrf, 1911, 99, 82 
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Uranium Xg, or Urevium.— On shakii>g a feebly acid solution 
of, iron contain inp uranium Xi in a clean lead crucible, and then 
removing the li<}nid, the crucible shows a very penetrating |8-activity 
whicli at I’l’si falls very ra]>idly in value. This is ascribed to uranium Xg, 
the, ])ro(luct of uranium - Uranium Xg has a period of 1*15 
minutes,'’ ’'^’ ' and emits botli fi- and y-rays,® the j3-rays jirobably being 
more ])CM(‘tral1ng than those emitted l>y uranium X^. 

Fajans and dohring’ gave to it the name of brcvium. It is chemically 
similar to both tantalum and bismuth, its position, according to the 
dis))]a(“(^nent rule, being in (iroup V. It may be separated from 
iiramnm by precipitating along with bismuth oxychloride,® or 
with tautalie aeid.^ Th<‘ iodide is less \olaliIe than bismiitli 
iodide. 

Uranium If. 'Pbe product of uraiiium Xg ought to lie an isotope 
of uramuin 1, with an atomic weight of about 28-1'. Thi-s is eonsidered 
to !)(■ the second a-rav-oroflneing substaiiee })resent in uranium, and 
inseparable from it, whieli has already lieen mentioned, anil has been 
given till' name uranium II. ‘ The lange of its a-parlides is 2-9 cm., 
and ))\ ealeulation Iroin the (ieiger-Nultall relation between range and 
period," the peiiod of nramnm 11 is probably in the neighbourhood of 
2 ■ 1(‘'‘ years ^ The (piaiitily of uranumi II in eipnlibrmm with 
uranium I will be aixail of tlie weight of the latter, and so will not 
matenallv mtlnenee its atomic weight. 

There* is no evidence of the growth of an a-radialion from 
urannifn X,.'' 

' Unsueeessfnl att( m])ts iiave been made to scjiarale llie two uraniums 
by dilhision m solution.**' 

Ionium. I'he failure to grow ladiiim from jiurilied urannnn led 
to a search for the immediate jiarent ol radium, resulting in the dis- 
covery of loiinmi. IlMtsNood si'parated from earnotiti* a siibsianee 
vvlnelV grew radumi at a rapid rate, and wliieli he thought at lirst to 
be identical \Mth aetnnum.** It was shown, howexer, that, although 
ordinary aelimnm jirt'pa rat ions grow radium, it is not derived Ironi 
aetimnm it sell, but 1V< m a new substance separated w'ltli it and eliemi- 
cally different,*- to which Holt wood ga\ e tlie name of ionium.** It gives 
a-rays ol range 8*07 cm. at 15*^ C'., and of initial velocity 1 -J-b '' 10® cm. 
per see.,**’ and also y-rays.** 

Ionium can be obtained from pilchblendi' by any ehemieal })roeess 
which will also give thorium, and it has not been found possible to 
separate ionium from the thorium always ])resciit to some extent m 

‘ FujanH aiul (Jolirmg, loc. cit 

- Halin ami Kotheiibat’h, Phi/sikal Zvil^di , 1919, 20, 191). 

' Flock, Phil Mag., 1913, \i\\, 26, CrlH 

' Haim and Meitner, Phifsdal 'ZeiU'li , 1913, 14, 77)8. 

^ (luy and I'-ussoll found I I?.*) mm , Tian't Chnn Soc , 1923, 123, 2018 

« llidiardson, Phil Mag , 19U, 161,27, 252 

’’ 'Jciglr and Nuttall, Phil Mag , 1912, [0], 23, 139. 

® Sec Mover, Jahrb Kadioakt IClektron,, 1920, 17, 60 

" Si)ddv.’/Vid Mag , 1909, [6|, 18, 858 ; P^oc. Phgsiml Soc , 1909 1910, 22, 57. 

Laehs, Nadiatowska, and Wertenstem, Compt. tend So< Sa Warsair, 1917, 9, 07, 
■<pe ./. Chem Soc , 1918, 114, Abs li, 213 

“ Boltwood, Amer. J Set , 1906, 22, 537. 

Rutherford, Stature, 1907, 75, 270 7^1 1907, 16], 14, 733. 

*» Boltwood, Anier. d Sci.. 1907, 24, 370 ; 1908, 25, 365. 

(Jeiger and Nuttall, Phil Mag., 1911, [0], 22, 613. 
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uranium minerals.^ This would suggest that ionium is isotopic w^th 
thorium, and, therefore, also with uranium X^. That it sjiould be 
isotopic with uranium Xj is in accordance with the displacement nile,^ 
The isotopy with thorium is confirmed by the result of llie spcelros(/)pic 
examination of thorium jueparations rich m lom^im, which give only the 
spectrum of thorium.® The chenueal reactions of ionium* tlierelori', are 
exactly the same as those of thorium.* 

Uranium Xj ma> be used as an milicalor for ionium when estimating 
the latter m terms of the equilibrium (piantits contained mluanium 
minerals.'* 

The period of ionium is !) 10’ years.'’ 

From its connection with uranium aiuUradmm the atomic wi iglit (‘f 
ionium should be approximately 2.‘i() Ilonigsehmul found ‘201 .1 for 
thorium-ionium mixtures obtained from mineials pooi m thorium ' 

The production of lielium fiom ionium ha'^Ix'i'u ohs<‘r\ed ” 

Diffusion e\})euments in solution show that ionium is telra\alenl, 
wdiieh is 111 aeeordanee with its position in the IViiodie Table.'' 


imAXCIUNG HFTWKFN UltAMUM AND K.'DH’M.. 

Uranium Y and Uranium Z.- constant eonslitiu'iit ol nianiuiii 
minerals, in quantity ])ro|)oitioflal to Mk* uranium present, is actinium *" 
This suggests that ai’tinium is a pioduet ol iiraniumd* It seems iwilikely, 
howe\er, that it can find a position in tlie direcL line of (l<-seent llirongli 
radium. The onlv allernaliN i* eonelusion is that the uraiiiuin siaaes 
branches, one branch giving radium and its products, and Hit* oilier 
aelniium.'^ 

In 1t)11 Antonoff found that iiraniinn X^ ^hows at first a r.ipidly 
falling soft l^-my aeti\il\, and attiibuted the <*ffeet to a new radio- 
active element winch lii* called ur«inmm ” Fleck doubted its 
existeiUK'.." but it now ajijiears to be delinileJv established. *'* 

It IS isoLopio with uranium X„ and, aeeoiding to Guy and JGissi’lI, 

' holtwMixJ, lot <it , Hahn, Jiei , 1!>U7, 40, 4-tl>, Mairkwald and ihiii,, 

IDOS, 41, ill, Kci'tin.in, hihih HndumU Iilfktion , l!M)9, 6, 2i).'> , aNn S/d.ud, Lr 
iindvun, 6, Sll , \I<‘ilnoi, Phtfmkal ZnNh , Idir*, 16, 1 

® See liil)l{‘ show ini' (onnectmn lictwcini nianinm and r.'idinin, [• {n.'t 

* liSniT and lta.S('li( k, iS'U3«nj/',/x/’ K Ahfd It of It cw, I1U2, 12r, |2aJ, I07“) , IhissolJ 
and KosPi, hor Hoy Six , 1912, 87 A, 47S 

* Soo (ln\ on, \'nl \'. 1)1 thiH aeries. ^ 

’ Rona, Her , 1922, 55B, 29 i 

“ Snddy, />' Hadmin, 1910, 7> 29.'), yalinr, 1912. 89, iu.t , I’liil May , 1919. fllj, j8, 
483, kSf)d(ly and Hitolims, ihid , IMl."), ((i|, 30, 209, I’lnllJ, Radiinn, )9JI. 8, 201 
Russoll aii<i Rosm, hr (H , Jahih Hadimdt Hhlfton, 1920, 17, .SO, Mi>nnt<ih., 

1910,37,347 'I'he Ink'iii.vlioiial ConiiniUeo on ('hcinie.d Kleineiils, ,/ Ann) ('hfn)r Nut , 
1023, 45, Olo, i^nc-.s 1) 9. 10* years • 

^ HojiiHsthnnd, Zriisch FAciliochrm , 1911), 22 , Is, |{oiiigM-himd and Ilorovit/, 
Monalnh , 1910, 37, 335 * * • ■ 

® Bollwond, he liad%u)n, 1011, 8, 104, hoc Hoy Sor , 1911, 85A, 77 
“ von Hovc<»y. Phystkal. Zeihrh , 1913, 14, 49 ^ 

1" Meyer and Hchs, A' Akad. II fw It /i«, 1919, 128, [2a|, 909. • 

** McCoy and Rosa, J Anui Pkem Hoc , l!Kl7, 29, 1098 

Antonoll, Phtl Mny, 1911. fill. 22, 419 1913. |0'. 26, lO-IS, hc- .iN„ d.di, intone 

and TJoltwood, ibvi , \920, [OJ, 40, .lO , Ann) ,/ Ho . 1920, 50, I. * 

Antonoff, Le Radwm, 1913, 10, 400 • 

Fleck, 3%, 1913, (151,25, 710 • * * 

Soddy, )b)d., 1914, [6J, 27, ‘215 ; Hahn and Meitner, Phystkal. ZctUsch ,J911, 15, 23Gt. 
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ha,s a period of half-ehaiigc of 27-.') hours,* fiiit somcwluit variiible values 
have been ^riven.'^’ 

III order lo olitaiii il as free as possible from uranumi a little 
iron sliould 1)(‘ jireeipit.ited with ammonia and amniomiim earbonate 
in uranium nitrate soiuMon. 'Plus trees the uranium from both uranium 
X, an<l uranium V, lint after a few (la\s the anioimi ol uranium V has 
risen to its inaMinum \alneajjain. whilst \er\ little uranium X^ has been 
foinied,^ and b> lepealm^ the jireeipitat ion, non eontainin^ all the 
nraniuni V and \er\ litth* iiraniiim X, is obtained.' rraniiim Xj and 
uiaiuuiu V nia\ also be separated tojrethei In preeijntat ion alon^ wuth 
eeroiis lluoride. 'Pliev ean then be ienio\ed liom the eeruini 1)\ add- 
inji; a httl<“ /iieoiuiim s;iV and preei})ilal m<; with sodium hvpo- 
phosphale, Nalll'(),.:tll,() ■ 

Fiom the lust it was Ihou^lit piobabh* that uranium V lornied a 
biaiieli of the uraniuiiiv;adiuni si'iies,'’ anil tin* pioportion wliieh it 
b(“ars lo iiraniiuu X, Msined to indicate that it is the liist member of 
till' aetiiuiim senes As it is isotojne with uianinm X,. it is jirobably 
formed In an (i-ia> ehan^i* from uranium I or manium II, the latter 
view' beinj,* the one more ^eiieially aeeejited. The fiaction of the 
inaniuni bic‘j kin^ up lo lorm uranium V is about .*i pei cent.'’ ’ '■ '' 
rranium V, l)ein<» isotopic with 'inaniuin Xj, is letia\alent, and 
sine(‘ it |>ives /J-iays it is unhkely 4 >by tju* j»roup displacement law, that 
it w’lll be transloimed directly into leivaleiit aeliimmi. An a-rav pro- 
duct sliouid Ik.' between them, and this eoneliision was eonlirmed In the 
diseo\er> of ekatantalum or protoaetminm, which is tht' ]iaient of 
aetiiiiu-m.'' 

The following alleinalne seluniies have bei n sujro('st('(l " 
riauiiiiu I >l i.iniiiiii i.ununi vI'miuuiii II vioniimi 

' I I'l.iniiiin ^ -I’litlo.K tmmiH sAdinimn 

I'l.uiiiiiii ^ >rii>(u,u liiiiiiiii -A<titiiuni 

Still aiiotluT element, to which the name uraniiun Z has been 
{liven, has been foumf m oidmarv uranium salts II is pri'cipitated 

' (lu\ <111*1 Itu'i'd'li, /’/(//(' ( hull Sill , |'l2.) 1 ^^, Jills 

- Aiitdiiiin. I’/nl Mnif , llHl, |<i|. 22, I 111 , 11113 li)|, 26, lli.'iS, mm- .iImi .lohiisluuo 
.111(1 nod, I'lja. pii. 40, lO, \niu ./ .S'(( , nun. 50, 1 . 

’ Nutnjioll, Li liiiilnnii, I'Mii 10, Hn» 

' Kii'cli, / K lli'iil II IN'. It II /I, I'ljii, X29, IJ.i), 30') , si'c .il-o ll.ilin .md 

AlfitiM'r, loi nt , \idii/i/is' . 10111. 7, on. liu , I'llO, 52B. ISIJ, Zui^rli Plni^il., 
1022, 8, 202 

' i\ii sell, /ill ut 

" AntdiKdi, /7ii/ i/ii</ mil |i»i. 22, tm, mil. |()| 26, lo-is 
■ Sec II. dm and MciUk'i, I’ln/^tkal Zdt'iili , 1010, 20, dJO 
" \\*idd()\v Kill and U\i''scll, I hil Mini, I'lJll, 1 <)|, 46, OIT) 
kSoddy, Cranston, and Ilitilims, I'lm Roy Stu , 101.'', 94A, '}S| , Sutiiii, lOlS, 100, 
tOS . llaJm .ind Mcilnci. i'hii^iknl ZeitM'h , lOlH, 19, JllS , 1010. 20, 127, .>20, 1020, 
21, oOl. AiiIim/I'.', mm, 7, (ill, 111! , I01<), 52B, ISU. lOJl, 54B, 00, 'AnLch' 
pliijiik. 1022, 8, 202 , (iolinni' smiiflit it but failed tn find it, sci Phifdknl Zcit'nh , IDM, 
15, ll)t 2 . Tim .'ictininin senes is des( iibcil in \()1 l\ 

Si’o Nenbnigi'r. Sitiiiinliinif Chi iin''i hc'< Vuiliaiii (Aliieiis), lOJO 1022, 26, .{l.i 
" Uiisvill, \ntun. 102.1, ill, 703, fnnn n eonsideiatimi of tlio peiuidh ol eoi lesporidm" 
iiieinbois of tlietliiee disintes'ialion seiu's. com hides (hat uianiiiiu Y is |)nilMhl\ denvcil 
from an isoLojic of^iiamnm ot atmnie well'll! 210, ami that thn'i dill unknown ineinbem 
0/, tho senes intervene -bet ween iiianinm Y ami |)iolo<ietinuini 

Hahn, Jiti , 1021, 54B, 1131, .\<itiiiwM , 1921,9, 81, 23() ; ace Vheiit Ztair., 
1921, 1, 101.1 
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first with iiraiiiuni X,,* IVom wlucli it oaii (hcii Ik* si‘pariit(*(l hy the 
juklition ot laiiNiaiiuiu and tantahiin sohitions. TIk* laiitliaiiiim|iaiid 
nraniuin Xj toirellur are prt‘<‘i|)ihiled hy hydutllnorie and snlphuni* 
neids, anti sul)se(juentl\ Ihe tanl.diim uanainhij; in sohdlon is made 
insohihle hy exaporation and ninilion, Ihe niannim Z ri'iirtimmi: 
with It. • » , 

I ranmm / is isotopie with piolo.n hmnm, and has a penod of lialf- 
eJiange ol 0-7 hoins''- It (mils a Inj^hls complex /J-iadial ion, of 
which the mteiisi|\, liowtMa. is onl\ 0 ‘Jo p{‘i cent ol llial ^f niaimini 
^^1 I ^i)- Jl'' paunt must he eillhi mainnm X, oi an unknown 
isotope ol nrannnn of smnlai ptiiod On the snp|)osilioii that it 
(‘onus li'om nraninin X^, Hahn >n^c(‘sls the lollowin*; seluine . 


riaiiiMii / 


I l.lllMil ' I 


I lanniiii \. 




\ 

/ 


I i.inmni i I 


I'laninm \ , 


'rile Iraelion ol mainnm foinini <4 nrannnn Z is onl\ ahoni 0 3o 
per eenl 

Ihihn .ilso snumsts tlu* f)ossihihl\ of a luw. md(|nndcnl. hnl 
analocons sci les dci i \ 1111 ; fKay an miknow n isoloju* ol manmm, inanimn 
1 1 1. of pi ohahh alonne wc'ichl JIO,' as lollous 

» 

I'laninm III d’laniinnZ, -rraiiinm Z^ d'lannnn 1\ i ► 

'I’he alonne u<'iL',hl of nrannmi I mi^hl I hen he i(\Mrded ,*s <-\ac(lv 
j;{8 ' TIk le Is not nineh e\ ideiaa lot ( it la i s( heme at piesent, howe\ er, 
hnl (iuN and llnssdl la\om its d( iivalion fiojn maiimin \, - 

The possil)ilil\ ol liansloinialion h\ the emission ol isolopie 
a-paiticles of mass has heen sneo( sled, ’ hnl tin le ai<‘ no expt'i iinrailal 
jironirds for I Ins n lew " 

A snhsi aiice. Ill amnm \', ol |)(Mod IS <laN s, h|\ nio a soft /hiadialioii, 
has heen deserihetl as sepaialini* with manmm X, wlu'ii nianmm nitrate* 
IS extiaehd with elher,' hnl Mils is eoiil radieled hv llalin.^ 

'Pile ( xislenee ol ladio-nianinm, lln* eh na nl loimeily eli'seiihed hv 
Dainu,'' lias ne\ei heen eon li lined 


' ll.iliM. Zu/s(// ph'/^il.iil (’him, I'L’i n)}, llil 
’ llliN .111(1 l{u‘'(ll, ri'iii-^ (him S ,( , I'lJI 123, ‘JhlS 

' See alsii I’k ( .nd, \i<h No /'/(/' mtt 'h <iinii,, l'l| 7 . <^4, |ii| , IdlmstniH' and 

lidllwoed, Phil 1 /k(/ , I'ijn, |lil, 1)1), Ji)|\ \iiliiii, I’lJJ, 109, l.sn I'liii s( «> \lc\rr nad 
SipjimiJii I A ll'nl lie.' lie// I'll J. 121, |J i I |a 5 
‘ d’ju“ .ildiiiK \o iirlil Ilf ui.mmiii J‘>s 17 I. 1 I(hiil-'< liimil /ulih Lh Llux tu m , l!l||, 
20, 4.j'i , ('omi'l iiml, I'lll 158, JIHJI . I liiuKi'i liiiiid .uni Hok.mI/, ]foiifilih , l!U(i, 
J 7 . 1 «.' 

' N culm I yet, Int III , \iUiinri^'< , I'lJI, 9, J.'{,), ('him Zinh , HI 21 , 1, 101 .'), 
M c .iKu'Snn k.d, Xnlumi^'^ , 1 ' 1 ‘JI 9, 77 , 'r’l ^ * • • 

" Ifiiliii, duf/ 1 Ilj 1 , 9, J.'IO. "I < ('him y.iiili I'lJI 1 101 . 7 , -.ci .Omi Mi i(in r, Z, li^rfi, 

P////M/., I'.lJl, 4, 1 It) .Vk/)/))/’!" . I'lJI. 9, I J 5 ^ 

’ Pn c.ird ,uid M.ilicl, /’Av'i/.'// Znt-^ih t'lJJ, 23, I , 

^ ll.vtiii, ihul , l‘)22 23, I n. ^ 

'* DatllU', t'o))?/)? n ml , I'ln'l, 148, l ‘{7 . /.» Uiiilnim I'll)'!, 6,,^ 

Sc( Mmiiihh . I'.llJ, 33, JS'.I , l/l(>\d, / Phifsiml ('him , lOlU, 14, .'lOO 
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? RADIUM AND GEOLOGY. 

' The A‘ge of Rocks. — As a result of the a-radiation, radioactive 
minerals eontain oeelnded helium.' If none of this has escaped since 
the time ol Idrmalum of Hu* inmeral, a eoinparison of the helium present, 
with the amoiml of thorium or uranium m the mineral, should give a 

means of ealculalmg its age from the formula, age- -yX 9-3 millions 

of years. ^ Owing to the possihihtx that helium may have escaped, it 
AVill he a minimum age that is thus obtained.’ The following values 
have been found from the hehum-uranmm ratio : -- 



Millions ot Yoais 

(imlomial I'ciiimI 

Millions of Years 

Pleistocene 

0 1 1 

Fambrian 

141 

Plioe(‘ne . 

2 

Carbonif(‘rous . 

1 17 

Mioeeiu' . 

0 .3 

Ihedevonian 

205) 

Devonian 

« II 

1 ^ 

Ar(‘hean . 

1 H 022 


Since le<ul is tiu' ultimate ])ioduct uranium and thorium, and 
jiossibly also of aetmnim, another method of delermimng the age of 

IM> 

minerals is indicated. The formula reipnied is 8200 millions of 


sears. Jn tins ease, however, a maMinum value is found, since, besides 
thorium- and iiiamnm-lead, there may also b(‘ ordinary lead j>res(*nt. 
A more jiri'cise estimation may be obtained d the atomic weight of the 
lead be also determmed. For a pure iiiamum mineral it will vary 
between 20(i and 207*2, the alomie weights of urammn-lead and ordinary 
lead respi'ctn elv. ' This has been <lone for a broggerile or Norwegian 
jiitchbleiide. The alomie weight of the lead w’as 20(rl2, indicating about 
5)0 per (‘(‘111. of uraniumdead. 'I'he ag(“ calculated was 5).)0 million vears.'' 

Ilolnu's ealeulaled the follow’ing ages for different types of rock 
from 1h(' lead-iiramum ratio ‘ : - 


(Joolo;;i( ,il I’ctiod 

Millions 
of Yoais 

< Icolo^'K'.d 1’i‘llod 

Millions 
of Yi'urs 

Carboniferous 

3 to 

Preeambrian 


DcA'dinan 

370 

((/) Sweden 

102r> 1270 

Preearboniferous 

tio 

(/;) U.S. America 

1310 1 t3.‘5 

Silurian or (Irdovieian 

430 

(e) Ceylon. 

1010 


'■ .slnitt, limj, Sui . IflOS. 8 oA, ril2 , 8 lA, 272 , 1510!), 83 A, ‘JO, 2!1S, lillO, 84 A, 


15)4 : Xalun, ISIOO. 81, MS , 15)10, 85, (», 4J 
2 8tnitt. Pior<Huu So( , IDOfl, 82A, 1 60 
■' iSviutt, ibui , 15)05;, 83A, 298 
* llolniO'f, The Age uflhi' Kmih ( Ilarpoi ), 191.3, p l."i6 

® 8eo (llcd]tfi(^h, (^<r\fhvna' faiU- demnt In tior (him df Fr , iStiasboUKjf May 14, 1920. 
® (iledil'-iti. loc , Au'hir f Math (xj Xatnrddrn.'ibib , KiisticHia, 1919, No. 36, l.^ 
2 Holmes, lor nt ; W’wc ,k''>y Hoc, 1*211, 85A, 248, Holmes and Lawson, Phil.' 
* Mag., 1914, [OJ, 28, 833; see also Boltwood, Amcr J. Sa , 1997, [4], 23, 77. . 
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All the values obtained from radioactive data arc much higher than 
those found by calculation from sedimentation or denudation.^ •My 
is inclined to doubt the nges deduced from radioactive data, fo*r it must ‘ 
be remembered tiiat liie latter method requires the eonstaiiey of the 
rate of radioactive cliaiijrc over millions of years.- ^ * 

Pleochroic Haloes.- In various niiiu rals, W‘h as mica, cordicrile, * 
hornblende, chlorite, tourmaline, etc., minute specks of diameter 
0-01-0-02 mni. ha\e been ol)ser\(“d. They are made up of a ccnlral 
niiMeus surrounded by eoneentrie coloured spheres. I'his* ilucleus is 
usually composed of a miimte crystal ol /.ireon, although otlicr minerals, 
for example, apatite, epidole, rntih', or s[)hene, ar<‘ possible. A radio- 
active origin is ascribed to Ihese jih'oehri^ie haloes as thev are calk'd.'* 
The coloration of the minerals is siipjiosed to he produced 1j\ llu' action 
of a-rays from radioactive siilistanees eoiitaiiied jii the central mieleiis. 
Tlie different distances of the imgs fioni the centre are aeeounteil for 
by the different ranges of the u-ra\s fioni l^ie disinti'gralion products 
of the uranium aiut thorium present in the mieleiis The ran}»e in air is 
reduced about two hundred limes m imea.^ 

One interesting and cm ions phenomenon lia.s been noliee<l m eomu'c- 
tion with pleoehioie haloes. I'he oldei the mineral in which Ih^’v are 
found the larger the diameter ‘of the ii.iloes. For Mourne mu a Ihe 
(liametei is OOl.'Ui imn. . fot^ nallyelleii iiiiea, OOIKI, lor Itapakni 
granite', 0 1)152; for Areiidal mica,* 0 01,55 ; and Ibr Vllerl»\ imi'a, 
0*01(10 mm. 'I'his ma\ la' explained either by .siip))osmg that Hhe laU' 
of decay has dmiimshed, and, tlieiel'oK', the a-partieles now piodiieeehire 
of shoiler range than lorinerK, or that the long lange a-parlieles ari' 
derned fiom an isoloju' of iiianmm wliieli has now almost eomjile'tely 
(lisapjieared. ’ 

lly comparing the dcjdli of tint with that of aililicially pH'parcd 
haloes, and h\ making ('crlam assumjilions as to the (juantity ol*iadio- 
aclnc mailer m the miclcus, appioxnnatc determinations of the agi' 
of the* inmeials may 1)0 made'. Results of Ihe .same onh'i as those 
derived from tlu' lead-uraimim ratio are' olilained.*’ 

Rleaeheil or rcxersc'd haloes also been found. 'I'lies were' at 

lirst attnluited to the action ol lu'at on the original eolonieel haloes, 
bill are now tlioiiglil to he of radioactive origin, Ihe ('fleet being eoni- 
parahle to the re\('rsal of iu'gali\e.s to posjtnes m photogiapliy by pro- 
longed exposure.' 

Ill some of the uranium iialoes (jf Ihe Arendal mica a minute rmg, 
eoiTe.spondi ng to an a-jiarliele ol range 1 !> to 1-5 cm. in air, has heim 
observed. This, acc’ordmg to .Jol\, ina\ he due to a hillicrlo unknown 
element, perhap.s no longer exist enl, wliieh he names, pr()\’isionu)ly, 
hibeniiuiii,'* or it mii} also he due lo a known element of so (eehle a 

• 

' Strutt, /'?Oi Jtor/ So( . I'.HJ'J, 83A, !>7 

® Joly, /’/ill Maij , 1911, ((!J, 22, :i')l , .Saluir, 1922, 109, IhO , /tadvim, 
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radioactivily thiit no other known method could detect it.^ These 
lialltes innv Ik‘ elianee survivals from a period iirccedm^j the thermal 
‘ conditions which ^uaierally prevailed diirin*; Arelnean times, and whieli 
mus)- lia\(“ l)('('n ii'sponsihli* for wiping out most of llie lialoes formed 
^ jiK'Vioiis lo I hat 1 mie. ^ 

Lar^rc’r halites, showin«r a ian«^(‘ eoi lespondm^ with 2 ‘2a cm. in air, 
liave also heen found, and olinas of a l\p(' similar to the tliormin halo, 
hut without t hr e\l( noi i mr. and sonu 1 nnes eontainm^ hhaiehed hands. 
These Joiy calls lhi‘ X-halocs,- disl innmslnnjr two varieties, X, and 

It IS inli'reslin^ to obsei\e that haloes iiulieate the existenee of far 
smaller <piantiti('s of ia<hoaeli\(' mailer tlian can he deteeted hy anv' 
other know n met hod. > ^ 

The 'i’emperature of the Earth. Another question of inli nst to 
j^eolo^ists IS llu‘ (‘ITci'l of radioaelue ehan»e on the l('mperalure of the 
earth, liasme ealculaliops of llu' thermal cikt^v of the earth on the 
siiptiosition that the a\era^(‘ ladioaelivc* content of th(‘ rocks is the same 
throu^rhout the whole' nuiss, il wa^ loiind that eiiou'^di heat w'ould have 
l)(’cn supplu'd 111 one thousand million vears to raise the temperatun' of 
till' earth to ahout 10, ()()()' 'I'o (‘Xjilain the exislinj' eoiuhtions. the 

(•('litre of tlu'd'ailh has heen assumed to he non-r.ulioaeti\ e, the radio- 
active portion heinji himled to a crust flf ahout *20 kilometres depth.'* 

, " r 

« THE RADIl’M STAND \KI). 

Radium ]>rcparalions eontaimn^^ mote than 0 01 m^ui. ol radium 
may Ix' standardised hj eomiiarison ol the y-iadialion under speeilied 
eondUums with that of a standard .\n International I'oimmssion met 
111 101*2 to compare standards juepared h\ Mim'. Curie .md Iloiu^sehmid. 
They^i^ieed within the limits of exjx t imenl.d eiioi, and Mine. Cutie's 
was accepted as the Iiiternalional Slandaid to he kejjf at the Riireau 
InternaLional at Se\ies, near PaMs.' Sped loseopie examination of 
llom^sehmid's standard showa'd I hat it could nol eonlain more than 
0 00 1 per cent, of haridm. * 

In 101 I Rulherfoid reealeulaled the \aiious constants lor ladiiim on 
the basis oJ the Inteinalional Staiukird '■ 

‘ 'rmii^ C/iiiii S(K , I'LM. 125, S'I 7 

“ I'jor Itiii/ Sot 102A, (»SJ 

' S(M llolinis, Till l»/< Ilf III! Luilli ill,ii|Ki) I'.M.l. |i 1 tl 

‘ I >('l)iri iu‘, Il Hiuliiini, 1‘112. 9, llt'l lliithi il'ii'l, lliiiliiiiii III • Snli^ltiiiii iiii'l Then 
l{n(liiiliuii < [(\\\]\\}\ ill'll I m\n'‘il\ I’u'.'). 150 5 p li ‘>7 \utiin I’OJ 89, lir», UOli, 92, 
-|(>2 

' I l,is( lit k .mil I ioiiii:'.i Imiiil MiiihiI'.Ii , 1*0*5, 34, .5.) I 

liiitliciliinl, Phil ynif . 150 I, |()|. 28, . 52 a 
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inonoh\dmle,''242 

pre[)iiralion, 211 

bph|bilitli, 242 

, , — introhvdioNylanibiati', 241 

— nitrososulplmte (nitiovysulplnte). 241 
doiijile salt with potiusHiuin. 241 

/ — orthoarsenate.s, 248. 

— oithodrsenite', 247. 

acid salt, 247 ' 

— orthnbonite, 201. , 

— artbi)pho.spha.teH, 245. ‘ ' 
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Banuin orthi/phegphatCH, double salts, 246. 

- orthoplurnbate, 260 

- orthoHilicttte, 258, 

- - meltnig-puint, 258, 

- oitholhioaiitnnonate, 249 

doulile sail with iioluH-iiuin, 2.50 

- oilliolhioanliuionile. 249. 

- ortbotliioarsenale. 249 
oiihovaii.idate, 250 

- oMil.ite, 2.52 

- - acid salt, 2.53 

- - li\diales, 252 

- o\id(', 21»t 

dcrisit\, 217 

he.it of lonnntioii. 217 

- - - iii.imif.u line, 211). 217 

- ])liosphojeseeiiee. 217 
ovvamidosiilphonale, 210 

- - o\\ biomule. 213 

- o\\i bloiule, 21 1 
-- owiodide, 21 1 

- owsiilphidi s. 227 

- |ieiit.ithloil.ile. 22s 
|M'i boiate, 2bl 

|)ei luoin.iU'. 21 J 
])eil>iomidi s. '2t)K 
pen ,11 boii.it e. 2.55 
j)en,ldoiab 212 

he.it ot liidialion. 21.1 

— of sdlulioil, 21.1 

- ]ieiilnoin.ile. 230 
[M'rh.ilule.s, mixed. 21 1. 

-- jH'iiod.ite, 21 1 

- |iei iodides, 200 

iKisie. 211 
Indrales. 214 
pet m.iiii'<iri.it(‘, 215 
pel m.)Ivlid,ite. 237 

(oniplex eompoimd willi oxalic .acid, 

237 

peioxide, 220 

- eheinie.il u ,u tioiis, 221, 

(iis.viei.ilnm, 221 

- - e.stiiiiation. 223 

- - beat of foiinatioii fioni ojkide and 

oxxgeii, 223 

- - b\diutes, 223 

- -- sop.irMlioii of oxygen from the air, 

220 

eatiilvtie aeeeleiiition, 221 

- - - uses, 223 

vajioui piesauie, 222 

- peioxide jiertitanate, 200 
|M>ioxvhy<lrat(>, 223 

sttnelnral foiimila, 224 

pel sulphate, 233 
-- - lu'diates, 233 

holubility, 233 

- |h-rtiint,ulate, 251. 

- jn ititanate, 2W) , 

- Iieruranalc, 238. 

- jihosjihnte.s {see Haiiiirn orthophos- 

phates), 246. 

basic, 240 

- - ])hoaphide, 243 
^ density, 244 
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Barium phospliimatos, 247 • 

— phosphotunpstate. 238 

— platinatp, 263. 

— platinocyiini<l(', 2r)(i (footnote) 

— plunibate (sre Bainnn (^rthojdiiinlmli-), 

260. 

— pulyaulphidos, 220 

— j)otiiflHiuin tru‘))imiia1(‘. 23i) 

— pyiUiiiMMialc, 248 

— pyro.irfc.t'nite, 2-tT 

— pYU'boi.ite, 201 

— p>i<>pl)o8pliutf'. 240 

acid Han't, 210 

— — doiililc saU>,. 240 

— pyr()])hnsplii((>, 24 4 

— pviosiiljiliatc, 233 

— pyiotluoanhnioiutc, 240 
— ■ pvi'othioaTNcnatc, 240 

— ])yrolluoai<5ctu1( , 210 

— - ])vio\Hniulati , 2.')0 

— Hclcnatc, 234 
acid ■'alt, 2.14 

ads()i|ilion of s,i1(h, 2’i1 

^K•n''lt^ , 231 

— - solnl)ili(\ 2.11 

-- Hcli'iiic acid, 2‘H 

— scicnulc, 23;i 

heat of toiiiiation, 233 

pllOMphoiesi 1 iiei , 233 

— .selenite, 234 • 

1(1(1 salt. 234 

seleiKH ' anale, 2.')H 

— seleno]tho>|)lia1e. 217 

— di'lenowat'-eiiate, (hmlile salt villi 

sodinni, 210 

— Hilieales llmiuiii oiilio'ilieate and 

riK'tasiln ale), 133, 2.78 
-- -cement with haiiuni alnnimate, 2')0 
- liydiatediu id salts, 270 
ilsiriii class, 2.30 

— silieide, 2r>S 

— silieotil.in.iK'. 2()0 

— .silieotiiiicslate. 238 

— sodium s»-|( now .iisoiiate. 210 
-- slannate, 2.30 

— •mheliloiide, 107, 2(l2 
- double salt villi sodiuin. 2lt2 

— subtluoiide, 201 

— .suboMde, 210 

— .sulphate, 220 

aeitl qalls, 232 

colloidal, 220. 

density. 220 

- -- double salts, 232. 

flunn'set'ni e, 230 

<t and /i-fonns, 230 

-- - heat of solution, 231 

— hydrat('s, 232 

inciting- l»nnt, 230 

piepaiation, 229 

solubility, 230 

Hlieoitie iieat, 230, 231 

transition t<?mpprature, 230 

use in mdunii\, 232 

use in quantif alive analyHis, 231 

— aiilphide, 224. 


Baiiiim siilfihide, pUpuiic.iI leuptinn^, 227. 

- - (lellMt N , 225. 

- double salt with niekej, 22.7 

heat of for Pint ion, 225 ’ ^ 

- of sdhilion, 225 

inanufai tine, 224 . 

pliospli()ies( eiiei , 22. 
solubiTili. 22.7 * 

siil}»hit( , 227 
-*liibilit\, 227 
sulplitiiK add. 233 
(.iiilal.ite, 2.71 
t( llur.de 21.7 

- acid v.dl, 23.7 
- deilsit \ , 237 

li^Iunde, 2.H 
t'dlniite. 2‘U 
aenl s.dl . 23 1 
t(’(i.isul|iliide. 22t) 
t( tial^iniiati 228 

- (etioxide, 221 
ihiii.ii-c mill .. 240 

o\\ I nllipnUllds, 2 10 

IhiiK ai 1)011. il(', 2.7.7 
I him N.inati . 2.77 

- ■ .iddilioii « oiiiponn iv. 2,'iS , 

doul)li -.in'., 2 i8 
tiiioiiiols bd.iti , 237 
lhioi)hosi)hate-. 217 
tliiopliosphiics, 247 

- tliioslaiinati , 2()0 
lliio-ii||)hale. 227 

den-it\, 227 

doulih salt with hisnnitli,‘’22H 
s|)i ( ilic heal, 227 
thiol iincslati , 238 
I It. Ill tte,'’2(i0 

till liioiil.iti', doulih sail with ,yotiissiuin, 
23() 

tii'iiiphidi', 22l» 
liithion.ile 228 
tii1liio|ih i-ph.ilt , 247 
tnncst.iii' 2 47 
, .1(1(1 salts. 237 

- deiisil \ , 237 

doubli salts, 2.18 
liwiifstc II Imoii/( , 238 
ui.in,it( 2 48 
v.iiiadali''., 270 
.leid salts, 2.70 
haloci n ( oiii pounds, 2.70 

- \ .inadiotiinystiite, 238 
— /ireoiial(', 200 

'• Baioti,” 197. 

“ IJai\4a,” 107 
|4ar\4af(‘lspai, 106, 2.78. ’ > 

Hai\tes, 196. 229 

14.11 vtoeiilcite, 196, 2.73 • i , 

14ai vlocelestme, 1.71, 174, 196, 229 
I4asie shiff, 98 
“ Belite,” 137 
llenitoite, 260 
I4('r\ Ilium, 3, t, .6, .6 
“ Bical/it,” .77 * ' 

Bleach liquor, .B4 
JMeoehiil^powcK'r, 41. 
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Ulciichiiipj powdci, f)i()Mio. 4S " 
(■(institution, i;i 
c I vstallnic, 4ri 

^Mtmiiltion of availalih' rhlorino, 4t) 

- iodine, tS 
iiiannfjK 1 um , f1 
|»IOfH lIlCH, 4‘i 

- - uses, 44 ' ‘ 

l4Ioinstiandil(‘, 'Jtiti 
liliie ilolin, 2.") 

lioloanian |iVos}itionis. IttO, 225 
- si run s, (W 

lioioi ideile, 11, 141 
Boioimtior all ite, 14.') 

BicMiim {'><(’ I'lannitti \j), .{07 
[{rcwMteiite, l.'il, l!)l, I'Ki, • 

Hiin’M j)ioees4, 221 
Jliot'jieiile. 2lii) 

ISioinaiiatite. 0,3 

liroine ble.ieliiiif' powdei. 4S ( 

|{nis|nte, 1 1, 04 

Cadmh xM, 4, r», 0 
Caleite, 11, 107 

- density, 107 
Caleiunn.rlO. < 

- aeti\e, 10, 82 

— - alIo^s, 10 

- lUoniK lieat, 1.') 

mirnlK'i, 0 

\\( lyllt, 17 

■ • l)oiiini;-|ioinl. l.'i 

- eliemu al |iio|iei(ies, I."» 

— C'l} slalliWe slnielnre, 14 

— - deiisil \ , 1 4 

- dete( tinii, 1 4() 

— idectiK’al K'Hist.uui .11 ' 

— esIini.'Mon. 1 18 

electiolytio, 1.70 

gravnnetiio, 1 18 

Noliiinetne, 149 

— historv. 10 

— in the blood, 17 

— inactive, 10, 82. 

— ionic mobility, 14 

— ionisation potentials, 1 4 

lH()tO|H'H, 10 

— mellin);-pomt, 1 4 

— inmeials, 11 

— nuscibilitv i»ith sodiiiin, 14. 

— ca’ciii leiiei', 10 

— |)boto('lectiU' eniissioti, 14 
- phy.sical pioiieilies, i:{ 

— pbv.siolomeal .!( (ion 10 

“ pu‘])aMitinn, disiilaeemeiil melbods, i;{ 
cloctiolyfic Oietliods, II 

— ri'Honanec pot<‘ntials, 1 4 

— sj)t,rilic luv t, 1.7 

— spectrum, 1.7 '• 

— tluMmo-elej'tne power, 14 
119C.S,’^J0 

— volatility compnied with othei alkaline 

ertitli mOrals, 1.7 
Calcnmi acetate, 100 

acid salt, 100 ^ 

— tac^tylcnic fcetylide, 24, *‘104 ' 
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Calcium ak ofiolatex, 7.7 

— aliiminutes (mv Mouoc.ileiiim .md 'I’n- 

(.ileiuin alumiiiates), |;{;{ 

— alumiiio-silicatcH, 144 
.iliimiii()-sili( nle. 12 4 (footnote) 

- amide. 10, 84 

— - amides, substituted, 84 

— ammonium (■•(<' C.ik luin hexammoniate), 

84 

paiaiiioKbdate, 80 

•intimonate. lol 
autiinoinde, 101 

.iiseiiates (.s^/ C.diium oithoaisenatcH), 
90 

- a I SI Hide, 08 

clielllK al plopeilies, 09 

— ai.‘<eiiili‘s, Ojt 

— aiseiiotuiiostate, 8l 
-- .i/lde, 84 

— - C-xplosKMi t( m|ieia4uie, 84 

- -solubilitx. .84 

— bicaibonale, 1 1.7 
-- bisiilplnte, l).7 

— boiales 141 

— balof/eii ( ompoimds, 1 4.7 
beats ol foiiiialioii, I 47 

- — bidiates, 14 7 
• - - bo^rostaniiate, 1 Itl 

— - boiotuii/fsi.ite, 81 

— bioinale,*i8 

— - deiisif \ . 18 

luomide .3.7 

addition eornpoimds, 4tl 
-- .iiilu (lions s, lit, 4.7 
(I( iisil\, .3.7 

— ddudiate, 4() 

-- - - donbk s.dts, 40 
beat ol loiinaiioii, 4.7 

— of solution, 4.7 

bevahvdiate, 4() 

- — ineltinsi-point, .‘3.7 
solubilit V, 4.7 

— (etialivdtatc, 40 
tnli\diate, 40 

— biomoboiates, 1 10 

— biomosi annate. 144 
taibide, 24, 82, l()2, 117, 

dccomposilioii, 104. 

deiisitv, 104 

lieat of fill matuui. 10,3 
mauiit.'U line, 104 

— - piopeiiies, 104 
uses, 10.7 

— caiboiiate. 10. 17. 107 

— basic. 11,7 

- eolloidal. 114 
density, 107 

-- -dissociation piossui'es and tciiipcra- 
tuies, 109. 

double .salts, 1 14 

a- and //-forms, 107, 108 

— — beat of formation, 110 

of transition, 108 

bvdrate.s, 114 

----- nieltinp-point, 110 

— phosphorescence, 109 
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Calcium carbonate, soluljility, 110 

relation to proHsur^ of caibon 

(hoxidr, 111 

-- — solubility procluPt, 112 

Bjiccific heat, 109 

transition tcinpi'ratures, 108 

URoa, 115 

— rhlorantinirmato, 101. 

— clilorato, 40 

nianiifacluie, 47 

-chloiido, 11, 12, l:l, 27 
- •— addition compounds, !1I1. 31. 

anh_\diouR a.dt, 17, 27, 31 

as a flesit'catinp nijeiit, 2S 

iufltmn-]ioint, 2H 

second iiiodilieatnin, 2tl 

eryohydne point, 30 

doconi position poteiifml, 2S 

density, 27 

dihydiiite, 31. 33 

dniihli salts, 3 1, 35 

- e1eetiie.ll loiidiu ti\it\ of fused suit, 

28 

he.it of foiiimtioii, 27 

— of solution, 28 

lie\aliMli.'ite 30, 31, 32 
- -- tiieitiiiu-poinl. 30. 32 33 , 

nioleeulai lowi'iiii^ <if fiee/inj'-jMtiiit 
ofw,it<-i.30 , 

- - -- inoiiolivdi.ite, :M, .13 

])iopetlies of '.olulions, :fE 
si»ei ilie 111 ,it, 2.8 

«■ and /?-tet i.ilivdiales, 31, 32, 33 

usrH, 33 

- - vapoiii pressiiK' of liydi.atis, 31 

— cliloiile, 4() 

- ehloroboi.ites, 145 

— chlorocliroinate, .80 
- ohlorostanimte, 142 

— cliioinnte, 77 

- — haiMO, 80 

-- — double salts, 78 

- -- Indi.ites, 78 

- sollibilltv, 78 
ehroiiiiti , 77 

eoluiiibates, lOj 

- eoTn]iouiids, 23 

-- uyanaTnide, 104, J0.5, 117 d/ftq. 

chemical pro|)(‘i1ies 120 

dissoei.ition piessure, 117 

fertilising action, 121 

— — heat of forrimtion, 119 

influence of foreign HaltH<ni formation, 

119 

manufacture, 117 

-- 'V structural fonnulsr, 120 
uses, 120. 

— cyanate, 122. 

— cyanide, 82, 110 
double .salts, lit) 

- eyanurate, 122 

— dichroinate, 79 

- dihvdrohypopho,spli]te, !)0 

- — double Halts, 90 

- — solubility, ly) 

— dihydiopliosphite, 90 
VOL. III. : I. 


C.ilcuini diiMuuxyhvdra 

— dipliinibnle, 143. 

-- ditlnonate, (>5 
solubility, 05 

dull unate, 81 
et by late. 10 
h Mate. 1 Hi 

— - f<Miie\aiude, IKi (footiimt-/ 

feniles (fie (’alenim* urtho- and meta* 
fi nit( ), 1 11, 1 Hi 
frrinev.uildi , I Hi (footlloti ) 

IliioMde 12.13,17,25 . 

- ai id s.ilt, :!(! • 

- eolloid.il Holiilioli. 20 

- d(‘iiMt\,2<) 

- Ik at ot foi Illation, 25 
• of MlllltlOIl, 25 

mt lliiii;-p ant. 2(i 
pl.lsiK . 2(i 

•eiition witli sulpliuiie acid, 20 
solwbilit 1 . 20 
-- tliioiol>ronndi‘, 39 

- (1iioioehloud<>, .19 
lluoto-iodid* 39 
fluosilieate. 127 
iliiotit.lll.ile, I 1,1 

- foiinale. lot) • , 

halides nn\(d 19 

— he\,unetaphosplMte, t»5 
* -- lie.\iuninoni.i(e, 83 

— — dissiK lal loii piessuie, 83 

— -- Ik at of fill in.it ion, 83 ^ 

- hydride. 23 

as .1 II ilueing auent, 19, 24, 

-- (lis.soeialion, 23 * 

lie.il of foiin.ition. 21 
hvdioph<w|)hil< , 90 

- hy diOsilf|)hide, 02 

ill pil.itiii \ ill tion. ti2 
-- hev.ih\(liat< , ii‘^ 

— solubility, 02 

— liydioxide, .53 

- addif itiii ( ompoiinds, 5 
-eolloiilal, .55 

, enst dime, 5 { 
density, 53 

— dmoi uitioii 54 

- - - heat of foim.xtuai, 53 
of solution, .53 

-- hy'dratCH, .55 
polyineiisatioii, .55 

— — solubility, .53, .54 •* 

veliK-ity of foMiiation, .53. 

— hydroxy-apatito, 90, 97 

— hydroxyhydrortulpbide, 57, 0.3. 

— hydroxylannte, 84 • 

— hypohromite, 47 

— hypochlonfe., 40 

basic, 41 

-- hypo-jodite, 18 

— hv]ionitnte, 8.5. 

- h\ pophos|)hat<‘, aoia salt, s»l. ' 

neutral salt, 91. 

— hy|H).sulphite, tJ4. 

— ■imule, 84 * 

— iimd^ulphoj|iate, 85 

22 ' 
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Culf'iniM indiitc, 4S 

- i()»li(l( , in, 17, :17 ' 

- - Jiilditiiiii ('iir»i|tiiimds. Its 

- - lildiVilinv-s s.ilt, ;J7 

- 'tiK Idiifi [h'ImI, 17 
dciisil ;i7 

dniil)lr‘ salt*-, ns 
'hi .d i)f fill iD.il lull, n7 

‘ of sohilii'fi. n7 ' 

IimIi.iIi s, .Ifi 
Hoiiiiiiiii ns 
Mi,nii.Mii.di‘, I'l 
iiiinii.Miii#.(‘'", 1!) 

nil lalioialc, 14.7 
ludialiN 1 1.7 

mclm nliLiiilmlf, 102 

ini'l.di 1 1 ill . I 1 1 ' 

rill (.i|»lio..|ili,ifi' '( t 
-• III! I,i|iliiiid),ili' 1 Kl 
tin l.iiM'iiili , '•<! 

till I iImIii .ill’, 1 L* I I 

• - ill ii^il \ , 12.'» 

iloulili s.dN, 1-r. 
it- ami (i foiin^., 121 
111 at lit fiiiiii.ilion, 12.7 

- - III I rini III , 1117 

- in('llii)i:-|ii'nk^, 12.7 
miimih\diati ,121, 12.7 
KIH'i ilir lii’.it 12.7 

I liiiiMl loll ti mill i.iliiirs, 121 

- Mii’liit.inl.dati’, I(l2 

- mi’l.ilil.l^ialr. 1 111 
mi^.a\anad(ili’. 102 
miiiIn liil.ili , SO 

mid ■^iill, SO 

- - (om|iIi\ i'niii|)oimi|'. with lodini' ni 

hllljiluil. so 

- iiiomi|ii iii\\li\di.ili , .lO 
mi)im>V'i idi‘. 1211 

iiiohatcs (sK ('.diMiiii |i\ii’- and mcla- 
I ii|iiiiiImIi.'s), 102 
iiiliali', S7 

• addilion <‘iiiii|ii>nml^, H{» 
aiiludimi'' s.dt. S7 

- — liasii’, HO 

di'iisitv, H7 
-- -- dili\diali', S7 

- - soliiliilil \ , SS 

' Imal Ilf fill iiialioii, S7 

- Ilf h\dialmii, K7 

- of sohilioii, S7 
« li\i!inlrs. S7 

mi’Uitiii-iioinl, S7 
-- |ii ofn’il K's of '.iiliilioiis, S7 
_ (t‘il 1 ]l('I,ll nil’ of dr(‘oni|liisllloil, S,7, .S7 
lrh.d«viliali , S7 

ilcnsil j , SU 

- - lirat of Miliilliiii. .S7 

.im lOMii-iHiinl. SS 

. . \nUihdil > , 'S, SO 
' uii'iliihic modilicidii’ii, S7 

iii(’llm<r-i’">''f ' 

tidfvdi.iti’ S7 

so]uliil1i\ , S8. 

as fi'itilisi’i’, S,). 

- nOiidf, 82, SI 

«. f, !l 


'.dcinm iiilydc, di‘n''it\, S2 

liMitiim Ilf .0 iiio'.|)lii IK lulioixtii. 82 
III a1 Ilf foim.ition, SO 
Mil llmi;-i)iiiiil, 82 
nit I 111 , S.7 

diinhli’ -..dl-- .Sli 
111 iiiili\di.ili‘, 87 
iniinoli\diat<‘, S7, Sli 
o\id.i(iiin. SO 
- solnl)ilil\, .SO 

1i (iah\di.di’ 8.7. Sli 
dni’'it\. 87 
lii|ih‘ sill, SO 
nilioli\diii\\l.iniinali’, 8.7 
niliii|ihi‘n.tti 7.1 
III I lioai''rn.dc'', 00 
diiulili '.all’’, loo 

oilliiiaisriiiti*, 00 
oitlloll Hill-. I 1 1 

nil ltniL.'-|ioin' ,111 
oilho|ilin',|ilia1<‘'’, 01 
donlili' '•all', 00 
oithi>|iliiinliali', I in 
oitlio-ilii all , 12.7 
di iisil \ , 1 2(i 
doiililc s.dl'. 120 
, <i loiin, 1 2(i 

in <1 nn-nl, 120 
//-. .mil •' liiiniH, 120 
lii'.it ol foini.ilmn, 120 
'.tim IlSial foMiinl.i', 120 
li.in'’jtion li'infH laUiti 'i 120 

oillio\,m.id,ili‘, 101 

- ai III sills, 102 
doul.li sail', 102 

- h.iloui'ii I oni[tonnds. lol 

oN.d.ili . loo 

doiilili' sail' lo7 
o\idi . II, 70 

li.>iliii!.'-|ioinl . .71 
I III mil d |iio|ii'ilirs, .72. 

( i\ 't.illim , .71 
d( ii'iU, .71 
dinioi pliisin, .72 

doiilili' I oin|ionnd with li'iul, 78 
hi-'i d, .71 

lira! Ill fo) in.ilion, .70 
of hvdi.ilnin, .78 
-ofsolnlmn .78 
- of ti.iii''ilion, .72 
l.di'id 111 .vl of liisioi), .71 
ni.iniil.u lull', 70 
- ini‘ltin<j-]iiimt, .71 

l>liosplion".i I'lKi', .»2 

Milnl.iliU in fii'i'd (ali’iuiio chlt)iidr>, 

- s|i( rilK heat. .71 
iiM's, .77 

- \i'lo(il\ of ir.irlmn with watM, 73. 
o\\a]Mldi'. 00 

- i)\\ Inoinidi', 17 

owchliMidi', to. 

diiiihh' salts, to. 

- owcvanidi-. 117 
- — owmdidi', tS. 

-- ovxsidphidcs, 03. 
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ralcmni «>7,o-tiiug.'>t(t 

- par.unolylxliito, diniMc ■^alt witli j 

iiiiiinojua, Sll 
j)(‘i iHiiatc, Ht) 

IktIiioiukIi . ;J7 
|M ]( llint'it*', t7 

|M'i( liloi i(li‘, H.7 
]M‘iliah(l(’‘', iiiiM'd, 

- pci 1(1(1, itt*, 4!) 

Imsk , 49 

- jH-i i(irli(l(“s, !?S 

pci liiaiUi.Liialc, "lO 
p( i(i\i(l( , .’)7 

- (lc( imipdspKin l»\ \^.llcl ")S 

(i('( (iMi positidii l( inp( latiiK s and 

pICsvUlCS, dS 

dili\dia(c, '(S 

- hc.it df fdtinatidii, aS 
d( I, dn dialc. .'»S 

Us( aS 

JM iii\\ h\(ll,ll( ■> 79 
|M I |ilinid)al(‘, I t 1 

- pcil,iiilal,it(‘, ddiilili's.dt with pdtas'.iiini. 

1(12 

p( lthld(Mll)()lMl(', .77. 1 lit 

p( itniiL''’latc, SI 

pcnii.in.itc, Si • 

pci v,m,id.it(’, l(tj , 

fih()spli,it(“ (sd {’;dcuiiii oi th(»ph()'>- « 
jihati s). Id. 91 
li.i-ic, 9(1 * 

plid^phidc, S9 

( h( niK ,d i)idp( 1 1 1( M9 
d( ii'.il \ , S9 

phd>.pliil( . c id ■'.dt. dd 
IK iitial “i.dt , 9(1 

l»hd^p)idl imi'st.il( , SI J 

- plat iiKK v<iiiid(', 1 1(1 (iod<ndt(d 
])liiiiih.it(‘. 1 4:1 

.K 1(1 ''.lit, 1 1.1 

pdt.’isv'iuni pcitadt.il.itc. 1()2 
jpdlshiilpliidc'-, ()2 
( dill position. ()9 
( dllstltutlOIl, tlli 
p\ id.irs( ii.itc Idd 

- (l(iid)lc s,dt, lUO 
p\ Id.lIM iiilc, 99 

p\ locdliinih.itc. IdJ 
p\ idphn'.plialc, 97 
pMoplldsphitc, 9(1 
p\ idxiilph.itc, 7(i 
p\ idt.iiitalatc. Id2 
p\ idthio.iiiliindiiitc. Idl 
p\ i(j\ .iiiadatc, Idl 
'.,icch.ii,it( .77 
s( li mile, 77 

- di tisil \ , 77 

- -T. ddudiiid", 77 

-• dcii''i(v, 77 

- haidiics-., 77 
-- sclcnidi*, 7l) 

- - - held of forinalioii. Td 
— phdsphoif‘S('( IK c 7(» 

- si'li'iiitc, 7(5 

and sa'tM, "it) 

-- hydrates, 7(5 


•m 

(7dcii]iii "cIciKM Minat(', 122 
M IciKiplnwphad , !M* 

- -iln ah^\aiii(le, 12 4 

silii.itcs (mi ('alnuiii ortlio; and imda- 
''ilif.ih.'. 'I'm alciiini ^silii .it(^ .iiid 
(JIass). .7(1, 121 

- - and s.d*, 127 

- - silindr*, 1^!1 

- silu(dK)iai( . I l(i 
‘'ilicoslaMiialc 1 111 

- sdn’otitanalt .114 

- siIk d(uill's(,lt( SI 
siIk d/iu (in.itc, 1 1 1 
sodiiini |).iia(iiiii:st.ii( , .^l 
st.iiimilc. 1 12 

ludialid, I 12 
'•iflH'lildiidc, 12, 2(5 
Mildl<idii(l( 21 
',ulnd(lid(' 57 
siilidxidc, 70 
Mdi>li.ftc, 17, til'i 
,(( id '-.dt-. 77 
.mlndidii-', (59 
d('ii''it\. I»'> 

(ldi\dl.i((', (>() 

v.ipdiii |iicH'-nic, 71 

- donhlc .K id s.dt wffh ''odniiiif 7(5 

(Idillih s, ills. 71 

- i.'< l.d iiions, (57 

lic.it df (i.ui'-itidii, 72 
licMidndi.iti , (515, (57 ^ 

- v.ipoiii prc>--uic, 71 
Idwcimcdf (r.iii''i1idn l( mpi i.it iii(‘, 

IIK It lllu-pdllll, 70 

iiiiiK i.d idl in-', ()(> 

•'()lllhdl(^ , 70, 72 

Ml .ICl.l-J, <2 

ti.iii'.itidii tciiip> i.itiiK to (f^fi)ini 7d 
to licnuli' (li.H( . 71 
td n itiii.d .iidi\diii( , 71 
to snliilili atdi\(l(il( , 71 
h-(nT4 77 

- v.ipoiii pi< smiK .(, 7d 
sulphide .79 

d( ii-il\. (•(» 

Ik .it dl Idl m.itidii, (ill 

plldsplldlC'-l ( IK c (ll 

|ihdtdtidp\ (51 

'dllllxllt V, (i(( 

-'idpliil( , III 
.K id -'.dt. Ii7 

li,i->i( (i7 
•'dliiliilit \ . (>7 
'iilplio .diiniiii it( I Id 
-<idpliii^t. innate let 
t( llui.iti , 77 
t( lluiKh , 77 
tcllniiic, 77 
.i< id salt, 77 

(( t i.K liidin.ilc, SO 

(( 1 r.i iddiih . :>9 
t( tiapliinili.itc, I li 
K ti oxide, .79 0 
■lliioantiiridrifite.lt 
thid4r^enilc|k UK). 
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('alcmin thiooarbonate, basic {sec Calcium 
tiilliidcarbonalo). 

-- tbiocyariatc, 122 

double suits, 122 
•— tln^-o\vai.s(‘ual(‘. 10') 

— tbinsuI])hidV, <il 
• ,de|lslt^. 01 

— - solubilit \ , () f 

— - lri|ilc sail, 01' ' 

— titanute, 14:1 

— In- iodide, 3!) 

-- tri1biocaTli()n<i(e, 57. 110 

— liitliion.dV, OH 

— tuii|'sl,ite, 80 

(Kid salt. Si 

— -- i‘oni]ilev eonipounds, 81 

— - (lensitv, SI ^ 

— (luon'seem (', 81 
-- t uimsten bion/* , 81 

— - nil ia|)hos|)hat( s, 1)0 

~ - nraiiati', 81 ’ 

— vanadate (»<( Cnldiim oitlinvanadate), 

101 

- /iieiniate. 1 1 1 
Calespar, 11, 107 
(’untiiirs plmsplioi ns, (»1 
Caiiiotilet 20(t 

— cxtiaelion of ladiuin fioin, 208, 2<»H 
Canon oil, 57 

C'assel’s irieen, 215 
(VlcstiiK', 1^51, 174 

— d('tisilv,**175 

- sp(^ ili( beat, 175 
“(Mite,” l:l7 
LVinonl, 751* 1:15 

— Ki'ciie's, 75 

— Ma! tin’s. 75 

— ruitn'ii^, 155. 157 

— Paiian,75 

— I’ashow, 157 

— Vortlaud, 75, 155 

cbernical eonstitution. 1)17 

, — - - clinker, 150 ct seq 

— — composition, 150 

— - — historv, 1.55. 

non, 157, 141 

rnannfiu tuK', 155 

— -- setliim, 157 

theoiies of, 158 

— - specification, llntish StaiKlaid 

140. 

— -- unsoundnoss, 137, 140, 141. 

— rock, 136 
— Roman, 136 

— slag. 137. 

Clialcolite.‘’200 
Chalk, 107 . ' 

Chlorapatite, 93 

“ Chl(?n<Jc of'limo,” 43. 

^ Clcveito, 266 ''' 

Coleinannito, 11, 144 
ConcbitCj 107 
Concrete, 142 
Coprohtes, 92 ‘ • 

Cora). 107 

“ Cullot,” 129. \ , 4 

• f ’ 


Cyanamjd, 118 

Cvanainide (ft calcuira, 1 18 * 

DvrnoLiTic, 140 
Diliariiim (iithoarsenatc, 24H 
densit\, 248 
double salt, 248 
oitbopliosphate, 245 
o\\aniidosiil])lionatc, 240 
Diealciuin alnmmate, 154 
leiiite. 141 
oitboaiHenati'. 101) 

4>rtlio]ibo-']ibal(', 04 

silieate (\4i ('alcuiin oithosilioate), 125 
in cement. 157 
Dn \anodiamide, 121 
- lo\M actum on plants, 121, 
l)iopsid( II, 121 

Displai emeiil nile foi larlioactivo elements, 
500 

Disliontiiim oithoaiseiiate, 185 
oitlioaisemte, IS5 
oitliopbo'pbate, 181 
Dolomite. 1 1 107 


K \l/ de ,Ia\elle, 1 1 
Kkalavtalum. 510 

t 

K\iKKii-r 1)11*.. ',)0 
“ Kelite,” 157 
I'Vigusonile, 2<»0 
“ Keiiodii?.’ 121 

I'eitibsers, nitrogenous. 81). 117, 118, 121. 
with phospii.ites, 121 
liluispbatic, 97 
Fixation of lutiogi ii, 89, 1 17 
Floiida luiid lock, 02 
Floiida [lebbles, 02 
Flnoiapali1<‘, 25. 05 
Fluoiite, 1 1, 25 
Fliioispai 11,25 

(1 \ x l.lissii’K, 1 14 
Class. 127 

— ( onstitiition, 132 

— elTect of dilTeient constituents, 150. 
liistoi \ , 127 

maniifac luic, 128 
- piopeitics, 130 
“ Class gall.” 129 
ClaulKTitc, 06 
Cummito, 266. 

Ovpsitc, 66 
Gypsum, 11,66 

— dead -burnt, 60 

— Estneb, 69, 

Bottmg, 69, 

— rock, 66 

— solubility, 72. 

— uses, 76. 

— vapour pressure, 71. 

m contact with heniihydiate, 71. 

natural anhydrite, 71 

— soluble anhydiite, 71. 
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Haidinokritk. KMJ 
Huloca. pleooliioio, Slli ' 

- X-. :iM 

HaidikOhfl of water, ivnnanenl, fit) 
- U'lnpor.iiy. 11(> 
HaimotoiiH', 1S)(). 2r)S 
H<M\v s|Mi, 1%. 229 

liilxoiiimti, 

Hombt'in^ |ihnh[ih(ini'., 10, 2S. 

' Hyclroe<‘iHl< '24 
' Uydrolith." ‘24 
Hvdloxvrt|Mtitc. 9(). M7 
“ fl\ pout. ' H 

1( l-L\M> 107 

meltiiie-poinl , 1 10 

- sJMHlIlC lic.il, 109 
fodmc blcarliiii^f powder, IH 
loiiikin), ;K)S 

atotiiu wei}xlil,309 

■ niowtb of i.idiiini finni, 80K 

— isotop\ will) tbormin, ;10'<. .lo9 

- piiiod.liO!) 

Iklodliolioil ol beluiin. .109 

- radiation, .fOH 

- \alenev, IlOi) 

KolopeN :100 

■ bf'liavioiii, ilo2 
ladioaelue, 801 

as indnMtois, ‘>08 

K \LlvSI ickstoi I', I l.'^ 

KrilLMlr-. (»t) 

KtvpuO'. 107 

i.IM]’., 10 

- .butnmf:, ■)() 

-- eauatio, .70 

- dei)iliitoi\ ill lion, 77 

I.>1 

ii\*d«uilii , .70 

- in iieiii'iiltriie, .70 
■liiiht, .7'2 

■ milk of, 17.7 
-- inoitai, .7(3 

iiiiropm, I is 

- piiiiliealiori ot siiiiai b\, .77. 

- slakerl. 5:1 

— -sulpbui si»tav, 1)8 

— IlMffl, 0,7 
Limestone, :70, 107 

— dolomilie, .70, .70 
Liver of sulpbni, 08 
Lublinite, 107 

M viivrsM'M, 8, 4 .7,0 
.Manganese |ri('iMi, 2L7 
Mailile, 107 
-- origin, 110. 

“ .Marnioi inetallicum,” 19(5 
.Mereiiry, 4, 5, (3. 

.Metabruflbite, 9L 
M.jnetite, 94. 

Moiiobanum orthoarsenate, 24S. 

— oithojihosjib^ite, 245 
double salt, 245, 


e 

Moiioealduiu aluminaW, 181 
iii<4(tiig-ponit. 184 
fell lie. 111 

- - oitlio.iiseiliile, loo • 

l►Ilhopllospb^te, 95 * • 

- silieale ('•if (’.ddiliii me(ifMlieat«'), 1‘2( 

M(iiio.-tioiiiiiiiii or ibo|)hosp|iale, ISI , 
Mol (. 11 , 10, .71), 187 . 

h.udeiiiift^. .7(» * ■ 

b\di,iiilie 1.5S 

Nu'on (Mf lladiiiMi dii.inai^oiii, 2.SL 2S.7. 
Aiti.ilim (lofiolmw ), 1 Is • 

Noidi iislvioldili , 1 1(1 

(►ivi.Nlii . 127 
Olafi ores. 2()0 

I'VNOI KMiri . 1 I, I 11 
IN iit.is.dl, 00 
17 iowsl*i(c. 1 1.5 

l*baiiiia(oli(e. 10(( 

IMiosplial K iei ( iljsei', '*7 
riissoiiilo, 1 1 1 

I'ltebbli nde. 2(i0 

- e\(i.n (loll ol i.idmm, 2(iS 

Plastei, (ibioii.-. 7.7 • ■ 

- Ilooniiir, (i9 
of P.nis, (t7 

d.'iisi(>. (37 

- istimatiou of dilteieiit inoihliea. 
(loiH of oaleiuni Hulplmff in, 70 

- Ill, uiufacl lire, 07 

- sedinjr, 07, OS 

- - - (ensile .strength, 75 * 

- (laiisilion leni|)e rat lire from 
sum, 07 

- flsj-s, 77 

PLiiMon’s eolloidation ptorr 
l*l< Ol liioie haloes, 818 
IMombieiiti , 121 
1‘lumboi .ih ill . I07 
l’oloiiiuiii#'2(»H, 2S9, 297 

- - atoime weiglO, 29S 

-- ^eolloid.il holulion, 299. 

- ( oiH entralioM in pililiMiiidi ii odm 

297 

- vli'ctioebi lineal beliaiioui, 299. 

Iieiil evolved, 29.S. 

peiiod, 2S9, 29S. 

- - position ill 17 iiodu Tabli , 299 

- production of helium, 29S •* 

r.Kliatioii, 2S9. 29S 

sejmralioii. 297, 29S 

- Hjieelium, '2J(S 

- valdii v 299 

(I 17iIoiuum, 297 • • 

17)lonuini h_\dijde, 299 

- - iiistiibility, 299. 

Polyh.ilite, 00 • 

Potassiuiu amimmoboiate, 240 
-- .iminonoc .delate, «4 
1 — ainmoiiosliontianate, 180 
tVivvellite, 80 , • 

- density, 80 * . 

I Pozzi^ilana, ^.7, 187 
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Piotoaotmium, 310. 
l'i5CU(l»iw(ill.i'<lt>nU( , 124 • 

— (icii.sity, 12 .') 

— 125 

— - Hl.i\D\ily,*\21 
J‘Hi!()in(‘lnm>, )0(i, 215 
rviochloro, 102 
Pyioirtorplutt', 2(^>, 

• f 
g,ri< ivLLMi!, 50, 115 

R\I)I()\( H\ r inilst.iiils. 2H2 
(‘(luilif)ii.i, 2H:1 

pill mmi( 11,1, 277. 

--- CiitHl.lIK V of, 2.SI 

— siibst.ini cs, |)ii I ipitaliiiii .‘{(Kl ' 

KadioliMi) (mi ll.ulium |)). 20") 
lladiuti'lhii mill (mi I’dlonmrii), 207 
Kudin iiMiiiuiii ‘(I ] 

K.idmin, 2f>ii r 

— acluc (li'pd'.it 111 loiiM ||f(>, 2H0 
-- -- Ilf slim I lili', 2SS 

,111(1 I'ciiliii'x , III 2 

aldiiiK imiiilii I, t). Illl 

wciiilil. 271 

ciiiim'i'l^mi willi ^Muiiiuiii. IlOl, ;|05 
didi'clinii, 270 

(lisiiitcfTMlimi prodiuls, 2811, 2S4 
— tiililc. IKU 
<*(^(irii(ili()ii. 27() 
lluriK'sOfWi I , 271 

licaUiip' clliu 1, 2H:{ 

— liiistmy, 2()7 

— iiinic tnobflil V, 27 1 
--- isdtiipv, 301 

- moltyi^f-point, 270 

— dCforh'tu'c, 2(l(i ' 

• diigin, I?'4 
lioridd, 283 

— [)livs|iil(i^i( III <u limi, 270 
[xiMlimi in IN iiiidii 'r,iliii , lol 
prc'puiuljnii Ilf s ills 2(»S 

‘ pidilurtidii i)f lidliittn. 2S3 
-- iiiiipi'rlu's, 270 
iiiduiiu li\il\, 282 
- unit, 287 
iftii^fc df a-i.i\s, 282 
s( piiMlidn d[ UK till, 270 
-- apc'i’truiii, 271 

— Standuril, 314 
Radiitm A, 280, 200 

— iijtiimK' 200 

colloidiil prdjX'rtio.s, 280 

— heat evolved, 200 

- jicMod. 28^1. 200 

— piisitiuii 111 lV|iddic 'I’lilile. 200 
-- radiatidii, 280, 200 

-- solubility, 200 
-- vnlatilitS’, 200 p 
Radium B, 280, /201 

— atomic 'AM’i I'll!, 201 ‘ 
colloidaf ])id)ieitie'i, 201 

- beat evolved, iOl 

-- iieriod, 289, 291 • ' 

— position in Peiiddii. I’ubld, ^01 ^ 


lladinm B, radiation, 280, 201. 

— recoil fioi# Radium A, 201. 

rannc, 201 

- '^epaiation, 203 

- HdlulnhtA, 201, 202 

- \iilcncy,‘292 
viil,itjlit\ . 201 

Kiidiuni (', 2S0, 202 
iitomn \\( if'lit. 20,1 

- collmdal pnipcilii s. 201 

- (iim]ile\i1 V, 202 

- |« iidd, 2S0, 202 

- [iiisilion in l^■lllldll 'r.ililr, 203 

- Iiidi.l1 inn, 2V1, 202 

iccdd limn ImiiIiiuii K, 20.5 
HI puiution 201 
HiiluliilitA. 20.7 

- A ale lie V, 20.1 
volatilii A . 203 

K.idium (". 203 
Hcpai.ilimi. 203 
K.idiiim C", 203 
Hcp.ii.ilimi. 20.1 
K.idmin 1). 2s0 2!t7 
.dmnu AM i^xlil. 207 
■iiii'iti, 202. 20 I 

- pviiiid 280,20* 

piiHitimi in i’l iiiidii T ilile 207 
f i.id^ilimi, 280. 207 
^- - 1(1 ml liiiin i.idiuin < ', 207 

- sep.ii.il iiinf’20(i 

- \al(nt\,207 
K.idmin I) i him idi , 20(i 

nit 1 lie, 2!H) 

liipli H.ilt, 2Mi( 

- pmiiAidi . 20t* 

K.idmin M. 2.S0, 20<» 

.itmiiii AM mill, 20(1 
pi'iidd, 280, 20(1 

ladMtinn, 2S0, 20(1 

HC|i.iia(imi. 207 • ‘ 

\ .lU nc\ . 207 
Kadmin < inan.dimi, 28 1 
.limine di.imeli i . 287 
AV( iiild, 287 

- ('Ill' mu a I .u I lull, 2.S7 

- ( iindeiis.ili'in 281) 

- (leeiitieiiH , 2.87 
[HMidd, 287 

[diAMe.d |)i<ii*ei(iOM, 285 
[loHilimi m Keiiodu 'Fable, 28.) 
prcidiii’lidii Ilf lielmin, 280. 

- ranine nt a*ia\s, 287 

- M'p.uatiiiii. 287 
- snluliilitv, 2.S() 

- sjM'eli iim, 280 

Radium V (.?r( I’lilmimm), 280 
Kadiiim (1 (fee Uiaiimm-leud), 200 
atomic weiplit, 200, 300 
-- rrcml fimii Kadiuin K, 299 
Kadiiim <! ])eiii\ide, clectromfiiiAc furee, 
303 

Kiidmm ii/ide, 270, 270 

- bromnlc. 274 

— dih\ (Irate, 271 
— T — double’ .salt with baimm, 277 
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KacUum bromide, elect uo a I ct^iductiviU' of 
Bolutions, 274. 

. . — heat <if formcUinii, 274 
-- of '.ol lit ion. 274 
eiubon.ile, 271) 

(■lilondc, 27 1 
<lili\.li.ile. 271 
lieiif ol fonii.ilioii, 271 
- oKolulioii, 271 
r nin|i(nui(l>. 2711 
I \.iinii,i1( , 27(i 
fi I lot \ aiiidc. J7(’» 

- Iliic>iid( , 27.'> 

-- llll(isilir,it(“, 271) 

- h\dii(l. . 271 

- lu dio\idc, 27, "i 
- - n)d,it(‘. 27.') 

lodidi , 27.7 
ni( Idle, 271) 
ml 1 iilc, 271) 
ov.d.ilc, 27i) 
t)\id( , 27.') 

|)llO'.|)]liilMnl\ hd.llt . .*7*) 

- |)l it mm v.imdi , 271) 

- ■^(dl», i-oinoi iilii^tii will) 1)111)11)1 '■•ill , 7. 

]^)ll [l.lLlllOIl, 21)^ 

-i|i( ill) . 27i) • 

>ul|ili.i1i , 27'i „ 

ildMll |)l|0|l III. I'l ) « ♦ 

■MiliiliiliU 27') ^ 

- I, III tall , 27(i 

U.idoi)('.(^ IJadumt I'liiaii.itiMii) 2.’^! 

a-l!iit'. 277 

■lli-inj I it loll, 27 S 

- < liciJiii al n lion 27'' 27') 
dell (lion. 27') 

III al mil; I 11m 1 , 27S 
IDIU'-Jm; |)ovw 1 , 277 

- iiatim , 277 

|ii Ml I laliii'.: |)o\u‘i 277 
\(roflt\ 277 
/; l!a^s. 27') 

.11 timi Ilf iiiaL;Mi In lield, 2K(). 

I'll! iiin al lit I lull 2HI) 

In .iliii'_M 111 I I 2S(I 
loiii'inu |"''o 1 . 2S() 

II. i1 iifi'i 27'.) 

jii lie' l.itiiiL! |)<i\vi‘l , 2H() 

\i loi ii \ , 27'.) 

I’.as, 2M) 

ih'oi |>l loll, 2SO 
( In Mill al acliDii, 2^1 

- Ii('aliii 2 I I1m 1 . 2^1 
lOlil'.lllLL |io)\( I 2.S1 
ii.iluic. 2M> 

1)1 iii-tralm;: |ioiu i, 2S() 

Kos( list lin 1^ LOi CM 21.7 

S\M\lMslll 2l)() 

‘ Sandnci 12') 

S.iiitoim (Midi ’27 
Satin sf).'>!. Ill) 

Seii])olit(', 1 1 
Seheelitc, 11, N) 

— Sjieeiln IkmI »HI 
Selenite, 1 1 , IK) 


Selenite, S(4ubility, 73 
Soda-ljme 
.S|)li(*iu‘, 144 
)S|i( kslnllk.iJk, IIS 
St I ( III (i.-wijfe, 1.7/, ISS. 

--drihit], ISS 

^JM I die lie.il. l.Ss 
Siioiitiiiiii, 1:71 
.ill..\^, I.T.7 

- - .itoinn inimlx i, (1 

- - - \\i milt. 1.7:1 

- eln inn al |iio|)i itn s. 1 7;i » 
den it\. 1.72 

di ti t lioii. l‘i‘» 

I "t iniation I') I 
I 1 m lioKin , I ‘>7 
* M'liinii III! l'.)l 
( |i I nil .il K 'l•'l.lnl e. I 72 

linloi , , 171 
loiin iiioImIiU 1.7 1 
nil II iTi'; lioiiil 172 

OM III M Ml I 171 

jilioloi |( I 1 1 n I nil -loll. I 'i2 

|ili\ -n d |>io|)i iin .172 
|.li\ n.lomi.il,). lion 1.7; 

|iii ii.ii.ition 1 71 

•-|M I ill! Ill .il , 1 72 
-<|M ( I HUM, 1.72 
u -I 171 

Slioiitiiini .11 1 t.ite, 1.S 
.i( id -.ills, 1S7 
.iliiiniii.iti ', l*).‘t 
.itiiid' , 1 SO 

ainnioiiiiiin ('x Slioiilinni jiexaiiiiiioiii- 
.ite). ISO 

- nnlinn>M.iti‘, ISO 

(iiseiiaU .Stinnliiini oitlio.'u^n.iteH), 
IS'r 

.11 si nidi . 1S7 
nisi Mill s. |,S.7 
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itrontium carbonate, colloidal, 189 

density, 188 • 

dissociation, 188 

double Ha4ts, 189 

<»-foiin,^lB8 

mcltiiiK'-poiiit, 189 

-- ^S(ilubililj,,I89 
- - s|M'cilu 188 

— -- InuiHilion j)oint, 188 * 

— carbonyl, 187 

— chloiate. U>(). 

— chloiidc, ITjB 

addilifiii oi»iii]ioutKls, U)0 

doconipimilion |i(if»*ntial of ftmcd salt, 

ir>8 

— dciiHity, 158 

— - - di}i\(liatc, 10(1 * 

doulilc sails, 1()(>. 

'cUs-IrKal ooiitliK tnilv of fused salt, 

158 

pclntinous, 158 ' 

— — heal of formal Kill, 158 
of Holut ion, 158 

- - hc\iih,\dmlc, 159 

- — h>di<itcs, 159 

— - — mi'll inp-iioinl, 158 
' — solubility, l,y). 

sjiccilio heat, 158 

ehloroeliioinate, 178 
ehlorostaimate, 191 
-- chi ornate, 177 

density, 177 

double sails, 177 

-- — solubility, 177. 

- ' compountla, 150 

— cyanamide, 190 

— cyaf ide, 189 

dbWi salts, 190 ^ 

— dichrom,i.t<', 178 

— dihydrohyi)o|)hos})hite, 18;} 

-- dihydiophospliite. 188 

dijieioxyhMliato, 171 
, — ditliionate, 17b 
-- dniraimte, 179 
- -fen ate, 19:1. 

-- fluoride, 157 

— - — density, 157 

— - — boat of formation, 157 

— - - - of solution, 158 

-- melting jioint, 157 
solubility, 158 

- flfniHilicate. 191 

— fluotitanate, 192 

— formate. 187. 

double salt uilh cojipiT, 187. 

— - halides, Onxed, 105 

— hexamnioniat,', FSO 
dissociation, 180 

— hydpdj', 15f 

^ dissociation pF'essiire, 157 

heat of furmatii^ii, 160 

■ nieIt'np;-])oint, 157 

— hvdroj>rio.sphite, 180. 

— bydrosulphidi*, 172 ^ 

solubility, 173 

— - hydroxide, 109 


Strontium hvdroxide, deiusity, 169. 

disaocAlion, 169. 

heat of solution, 169 

hydrates, 170 

munob>diate, 170 

ortnlisdiate. 170 

- — phospboie.seenee, 170 

- soliibilitv, 170 

- use.s, 1 7 1 

by pobioiuili', 107 

- hyiMKhlonte, 100 
byponilrite, 181 

- - - double iieid salt with stiontium 

acetate, 181 
hy|Misulphite, 174 

- iniide, 180 
injidosul])honate, 18(1. 

- - double .sails, 180, 181 
h}diate.s, 181 

--- lodfite, 107 
lodidi', 103 

addition eoiiipoiuidfl, ]0f 
deiisi(\, 10.3 

- double salts, 105 

- heat of foi Illation, 103 , 

- - of solution, 104 

1 livdiates, 104 

ipelting-pomt, 103. 

« solubility, 164. 

-- manpaiiate, 108 

- mangamtr, l()8 
-- metaboiate, 192 

- meta]»liospbate, 184 

double salts, 184 

- nietarsenato, 180 

- luetaisenite, 185. 

- meta.silieale, 191 
melting-])oint, 191 

- inetu vanadate, 180 
acid salts, 186 

double acid salts, 187 

— - molybdate, 178 

— ueiil salt, 178 

- niolybdo-iodates, 178 

-- mol\ bdoiM'iiodute, double salt with 
sodium, 178 

- mono|M‘roxybvdratc, 171 

— nitrate, 181 
density, 182 

- - hy<lrales, 182. 

- in pyioteehmCH, 183 
.solubility, 182. 

-- nitride, 179 

— nitiifi', 181 

double salts, 181 

isomorphism with calcium nitnte, 85. 

— - - ineltinc-])oint, 181. 

mnnohydrate, 181 

density, 181 

solubility, 181 

— uitrohydroxylaimnate, 181. 

— octaniolyhdate, 178 

— oithoarscnatcs, 18,5. 

— — double salts, 180. 

— orthoarsenites, 185. 

— - orthobornte, 192. 
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Strontium orthopho^^pluitiM. IHS 

— dmihlc 1st % 

— orthoplumbato, 11)1 

— orthoailicat<*, 191 
melting-point, 191 

— orthothioantimonito, 189 

— ortlunaaadato, 18(1 

halogen compoiindH, ISO 

— oxalate, 188 

— oxide, 168 

eheniical pnipertu'H, 169 

denwitv, 168 

heal of formation, 168 

of hydration, 169 

piepmation, 168 

— — solubility in fused Htiontiuin chlonde. 

169. 

— - oxybroniidt, 107 

— oxyehloiide, 166 

— o\j iodide, 167 

— oxysulphidc, 17:J 
-- pentasulphide, 171) 

peibroinide, 163 
--"perchlorate, 166. 

— {XTohloride, 161 

— jK'rrialides, mixed, 164 

— iK-nodate, 167 

— penodide, 166 * 

— ]ierinanganate, 168 ^ 

--- |X'ro\id(', 171 ’ • 

— heat of foim.ition, 171 « 

---- - hydrates, 171 

— perthioearboiiiite, 189 

— pervanadute. 187 

— phosphate (wr Stionlium orthojihos- 

phate), 183 

— - ■ haHie, 18.6 
-- phosphide, 183 

— pin in bate, 191 

— [lolysulithides, 173 
-- ptrtoirsenate, 186 

— pyroarseiiito, 186 
pyro borate, 192 

— pyrophoH])hate, 184 
double salts, 184 

— pyro.sulpliale, 176 

— pyrothioantinioniti', 186 

— aacebarate, 179 

— selenate, 177 
density, 177 

— selenide, 17t) 

deiisitx, 176 

— — heat of formation. 176 
])h()sphoieseenee, 176 

— selenite, 177 

aeid salt, 177 

bydnitcs, 177 

aelenocyanate, 190 

— sibeate {vr Strontium oitho- and inela- 

silieates), 191 

— sodium molybdopinnlate, 178 

— starmale, 191 

— Buboxide, 168 

— sulphate, 174 

acid salt^ 176 

colloidal, 176 


• V 

Strontium sulphate, density, 175 
' — dniili^‘ salts, 176 

Huoieseenee, 176 

- «-form, 176 ^ 

heat of solution, 176 • , 

— melting-point. 176 . 

— - solubility, 176, 176 

tiiinsition jKimt, 175 • 

— sulphide^l72 / 

--- --- cliemieal ])rojK'itie.s, 172 

density. 172. 

beat of foimation, 172 

]»bosphon‘8cen(4‘. 172 * „ 

sulpliite, 171 

— siilphoiiioh bdati-, 178. 

(elluiatr-. 177 

— - t^llmide, 177 

— (ollunte. 177 
tidiasiilphule, 173 

— fidiatbumat*', 171 

— -Jhiiuyjitimomte, 186. 

thioaisenites, 186 
-- tliioev.inate, 190 

double salt with met' orv, 190 

-- thio-owaisenates, 186 
- thiopliosphate, 186 

— tbiostnnnate, 191 » 

— - tliiosulphate, 173 ’ 

— titanate, 192 
tnehrornate, 178. 

— tiithioearbonate, 189 

— luugstate, 178 ,, 

aeid salt, 171). 

— -- double salt \vitb horlium, 179 

— tungsten bron/e. 179 

— urannte, 179 

— vanadate (scr Strontium oitho 

da/e), 186 ✓ 

— /inMinate, 192. ^ 

Stuceo, 76 

Sujierpliohplmte of lime. 97 

— lexeismn. 97 
S\ngeiute, »>6 

Ta«'ii\ 1)111 1 1',, 11, 27 
Tt'mjM latuie of the ( artli. 31 1 
'I'etiui al< Him jihospliale 9ii 
Tdamte, 1 1 1 
Tia-s, 136 

Tiihaiiiim oiUi'iaiwn.iti J ts 

double salts, 218 
b\(b.it(s 218 
oitb(iplios|ib,i(«-, ;i|‘i 

'riiealeium alumiii.it< , 131 

— - 1 olloidal solution, 131 

b\ (bate, 131 , 

• in (eimnt, 139 , 
feiiile. 112 
orthoarsenale, 99 
-- balotren compoiinds.'iOO i ' 
oithr>pbos])bate, 92 

— - halogen eoinp)unds, ‘93 
melting-point, 93 

— - silieate, 126 

bydraiihf- firoiterlies, 127 
in ceiiieiit, 137, 139 * 

c /. 
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